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Preface to Second Edition. 



The hope expressed in the Preface to the first edition of this 
little volume, " that the same will be found of service to others," 
has been fully realized. Owing to the fact that a number of 
institutions (six) have adopted the volume as a text book for 
practical instruction, the first edition was exhausted in a little 
over one year after it left the press. 

The present edition is a complete revision of the type, with 
some additions, and it is believed that as the work becomes 
better known it will be still further appreciated. 



ARTHUK H. ELLIOTT. 



New Tobk, January, 1894. 



INTRODUCTION. 



It mast be diBtinctly tmderEtood that the following pages are 
written for those who have a laboratory at their disposal, and a 
teacher at hand who is competent to show the manner of perform- 
ing the more important experiments. With beginners it will 
be found necessary to proceed slowly at first in order to make 
them carefal experimenters, and more patience is required at this 
point than would at first sight seem to be called for. 

The course of instruction followed in these pages presupposes 
that the student has already a knowledge of the fundamental 
principles of chemistry, or is attending a course of instruction in 
the same, while he is working at the practical details of chemical 
analysis. This knowledge need not be very extensive for him to 
understand most problems in the writing of the more simple 
of the equations, and in a short time the difficult ones will prove 
intereetiag to him and he will work them out without aasistance. 

No attempt has been made to give instraction in chemical equa- 
tions or in other theoretical questions. These are left to the judg- 
ment of the instructor to interpolate. 

The method of making solutions of substances insoluble in 
water is explained af t«r the student has become acquainted with the 
methods of analysis. At the beginning all solutions are prepared 
for him (see Chapter XIV.) 

After a few operations involving precipitation, filtering and 
washing precipitates, it is best to take up at once the separation of 
the metals into groups; and having shown the student each step 
of the manipulation, let him repeat it at once, before going on 
to the nest ; and above all things he should imitate the instrnctor. 
In this last particular the quantity of reagents used is a most im- 
portant point to insist upon, and well repays the time spent in 
making the student repeat his work if he falls to imitate the in- 
etructor closely. 

In order to limit the volume of fluid handled, and at the same 
time control the quantity of reagents used, all the operations must 
be performed in testtubes, small dishes, etc. 



8 

In the separation of the metals into gronps the student should 
study this alone without regard to the individual members of the 
groups themselves : thus, to begin, in the first group one metal 
only is taken, with one metal of each of the other groups, as, for 
example, Silver, Copper, Iron and Calcium. After the student 
has been shown the method of separating these metals into groups^ 
he is made to repeat the operations entirely alone, the instructor 
giving him another set of metals, such as a Mercurous Salt, Cad- 
mium, Zinc and Barium ; thus making him acquainted with the 
fact that the reagents used give precipitates that vary in color 
even in the same group. 

Above all things the student should work with the instruc- 
tor, and at exactly the same moment, upon the same materials and 
with a parallel set of apparatus, thus insuring success and giving 
a confidence inspired by no other method of working. 

The method here described can be readily applied in classes of 
one hundred if the instructor is on a raised ros?Ln. where he can 
be easily seen by every member of the class, and where also he can 
note the progress of the individual student without difficulty, the 
rate of advance being determined by the progress of the reasonably 
bright members, and each step being explained as the work pro- 
ceeds. Solutions of the metals are studied first; adds and salt 
radicals are taken up afterwards. 

Appabatus Bequibbd by Each Student. 

1. Eing^tand with ring, 2 inches inside diameter 

Bunsen burner 

Two feet of J inch rubber tubing 

Blowpipe tube for burner 

Blowpipe with fine tip 

Forceps of iron 

Three-inch steel spatula 

Triangular file, 6 inch 

Bat-tail file, 6 inch 

Pipe-stem triangle 

Charcoal from wood, not moulded 

Charcoal borer 

Platinum foil, 2^ by 1 inches 



Platimim wire three inches long, in glass bolder 

Blue glafiB, 2 by 3 inches 

Mortax and peetle, i inch 

Berlin evaporating dishes, 2^ and 3 inches 

Funnels, 2 and 3 inches 

Twelve test-tubes, ^ by 6 inches 

Test-tube stand of wood 

Test-tube brush 

Two watch-crystals, 2 inch 

Hydrogen sulphide generator ; see 10 * 

Wafih-bottle with tubes, 16 oz. 

Glass rods, 3 and 4 inches 

Filter-papers, 3 and 4 inches 

Advanced students may he supplied with the following appara- 
tus in addition to the above : 
Small beakers, 100 Cc. 
Porcelain crucible, 1 inch 
Cmcible tongs 
Platinam crucible 

Keagents Needed bt Each Stbdbht. 

2. These should be supplied to each student in bottles having 
glass stoppers, except the solution of Potassium Hydroxide, which 
should have a rubber stopper. The strength of each solution is 
given in the following hst and is made with water unless other- 
wise stated. The strength of solutions means 1 gramme in cubic 
centimeters ; thus, 1 in 5 means 1 gramme in 5 cubic centimeters. 

Hydrochloric Acid (concentrated) 

Nitric Acid (concentrated) 

Sulphnric Acid (concentrated) 

Acetic Acid (U. S. P.) 

Ammonium Chloride 1 in 5 

Ammonium Hydroxide (1 of Aqua Amm. Fort and 2 of water) 

Ammonium Sulphide ; see 3 

Ammonium Carbonate ; see 4 

Ammonium Oxalate 1 in 25 

Sodium Hydroxide 1 in 5 

Potassinm Snlphocyanide 1 in 10 
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Disodinm Orthophospliate 1 in 10 

Magnesium Sulphate 1 in 10 

Potassium Dichromate 1 in 20 

Barium Chloride 1 in 10 

Calcium Chloride 1 in 10 

Calcium Hydroxide (lime Water), saturated 

Milk of lime (lime boiled several times with water to free it 

from alkalies) 
Potassium Iodide 1 in 20 
S5ver Nitrate 1 in 20 
Potassium Ferrocyanide 1 in 10 
Alcohol (ordinary) 
Carbon Disulphide 
Lead Acetate 1 in 10 
Mercuric Chloride 1 in 20 

Ferric Chloride : liquor Fern Chloridi XJ. S. P. 20 Cc, water 
80 Cc. 
Ammonium Sulphate ; see 5 
Sodium Hypochlorite ; see 5ft 
Cupric Sulphate 1 in 10 
Platinic Chloride 1 in 20 
Molybdic Solution ; see ba 
Nessler's Solution ; see 5c 

The following reagents are supplied to the student in wide- 
mouthed bottles : 

Sodium Carbonate, anhydrous 

Sodium Nitrate, powdered crystals 

Borax, fused and powdered 

Potassium Ferricyanide, crystals (dissolve as required; solution 

decomposes) 
Iron Sulphide, coarse powder 
Ferrous Sulphate, crystals 
Potassium Chlorate, crystals, small 
Glycerin, concentrated 
Starch 

Copper wire, 1 inch pieces, and sheet zinc, i by } inch pieces 
litmus Paper, red and blue. 



3. Animonium Sulphide ahoali'bem&Aehj BAtaraiiagAvamo. 
nium hydroxide (1 of Aqna Amm. Fort, and 2 of water) with 
Hydrogen Sulphide, and then adding an eqnal volume of the Bame 
Ammonium Hydroxide. 

4> Ammomum Carbonate is made by taking 

Ammonium Carbonate (clear lumpa). , 17 Gm. 

Ammonium Hydroxide (1 Aqua Amtn Fort., 

5 water)_._ _ 30 Oc. 

Water __ to 100 Oc. 

and shaking the mistore in a bottle until the lumps are dissolved. 
5. Ammonium Sulphate is made by taking 

Sulphuric Acid (concentrated) 10 Cc. 

Water 40 Cc. 

and adding excess of Ammonium Hydroxide to the mixture, or it 
may be made as needed. 

5a. Molyhdio Solution is made as follows : 
Take 

Molybdic Acid 6 Gm. 

Ammonium Hydroxide (1 of Aqna Amm. Fort., 

3 of water)_ _ _ _ 20 Oc. 

Nitric Acid(l of concentrated, 1 of water) 80 Cc. 

Dissolve the Molybdic Acid in the Ammonium Hydroxide with 
gentle warming. Pour the solution thus obtained into the acid, 
carefully keeping the latter cool and adding the ammoniacal fluid 
very slowly and stirring all the time. 

5&. Sodium Sypochlorite is made as follows : 
Take 

Chlorinated Lime 10 Gm. 

Water _ _ 100 Cc. 

Sodium Carbonate Solution lin5 sufficient 

Put the Chloride into a mortar and mix it by rubbing with the 
water. Transfer the mixture to a bottle, allow to stand and draw 
off with a syphon the solution from the insoluble matter. To this 
solution add the Sodium Carbonate solution slowly and with 
shaking, until on filtering a small portion of the mixture no pre- 
cipitate is obtained on adding a drop more Sodium Carbonate 
solution. Now allow the fluid to settle and draw o£E the clear 
solution for use. 
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So. Ne%dei^B Solution is made as f olloii^ : 
Take 

-Potassium Iodide 8.6 Gm. 

Mercuric Chloride ^ 1.6 " 

Water 30 Cc. 

Potassium Hydroxide (1 in 6) saflScient 

Dissolve the Iodide in 10 c. c. of the water and the chloride in 
the balance, heating. Add the chloride solution to the iodide 
solution until a small precipitate is produced which does not dis- 
appear on stirring. Now add the Potassium Hydroxide solution 
imtil the mixture measures 100 c. c. 

Allow to stand and pour off the clear fluid. To this clear fluid 
add more mercuric chloride solution until a small precipitate is 
obtained after stirring; allow to settle, and this clear fluid is 
ready for use. 




LOMX 



SEPARATION OF THE METALS INTO GROUPS. 

6> For the beginner it is only necessary to conaider the more 
common of the metallic elements and the method of separating 
them from one another. For this purpose the following metals 
(wvs assumed to be in a single solution. r/y 

-^•^^•^^"a. Lead (Plnmbum) 
d,^u'J>J*i\^^% Mercurous Mercury (Hydrargyrum) 

Ag. Silver (Argentura) 

Hg. Mercuric Mercury ~ ~^ *- 

Od. Cadmium '^ ^ U ^ 

As. Arsenic H 

/ Sb. Antimony (Stibiom) ■ 

_ . Tin^tannnm) 
'/"Co. Cobalt"^~~~~ 
-^^^"^iNi, Nickel 

7Fe. Iron(Ferram) 
(^Mn. Mangans^ 
/,C^M;/-<I»(C!r- Chromium 
^ iA.1. Aluminiui6 . , , , - 

-^.^j:,.,^!- Strontium / ^^ 

(Ca, Calcium 



:^-~^^^^^ 



K. Potassium (Kalium) 

Na. Sodium (Natrium) 

NH^. Ammonium (hypothetical) 

7, If to a solution *n a teat-tube containing all the above metals 
together we add hydrochloric acid, we shall find that only the first 
three (or any one) will be precipitated. In other words only these 
metalaare capable of forming insoluble compounds with chlorine, 
the latter element leaving the hydrogen of the acid because it Iiae 



\ 



d 



14 



a stronger affinity for the metals thrown out of solution. All thef 
chlorides of these metals have a white color. 

8. Before proceeding we must find out if the amoTint of hydro- 1 
chloric acid added has been sufficient to throw down all the Lead, 1 
Mercurous Mercury and Silver that may be in the solution. For this 
purpose the precipitated chlorides are allowed to settle, and a few 
drops more acid are added to the clear fluid above them. If this 
fails to produce any further precipitate the acid has done all that 
it will. If, on the other hand, it still causes a precipitate we mnst 
add more hydrochloric acid nntil the latter fails to give any i 
chlorides of the metals above mentioned. 

9> This latter proceeding is termed " adding an excess " of the* 
acid, and it is an extremely important step to Icam in chemical 
analysis. If an insufficient amonnt of acid is added some of the 
metals will still remain in the solution, on the other hand if too 
much acid is used we are adding material to the mixture that will 1 
interfere with onr future work for the separation of the otherl 
metals. 

Having thus thrown down all the above mentioned metals i 
the manner described we pour oS the fluid through a filter leaving 
the insoluble matter behind, and proceed with the filtrate as di- 
rected in the succeeding paragraphs. See also special tests for 
Bismuth and Antimony with hydrochloric acid. 

The metals obtained above as chlorides may be called " the first 
group." The separation of the several metals from one another . 
will be described later. I 

10> The filtrate from the first group of metals is now saturated 
with hydrogen sulphide gas. In order to do this the gas is allow- 
ed to bubble through this filtrate until it will take up no more of 
the same. 

The apparatus shown in the annexed cut is found convenient 
for the generation of small quantities of Hydrogen Sulphide as 
used in analysis. It consista of a long eight dracbpi vial with a 
small cork carrying a tube containing a little cotton. Into the 
larger end of this latter tube another cork is fitted to carry the 
finer tube delivering the gas. To use the apparatus place in the 
vial some coarsely broken iron sulphide and about one inch in 
depth of water; now add about fifteen drops of sulphuric acid, 
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and give tlie gas a little time to start. In a few minutes a bii 

effervescence takes place and the tube delivering the gas is pot 
into the teat-tabe containing the solution to be saturated. If the 
^ gas does not come off fast enough, 

^^^J— — \\ after waiting a few minutes add 
to the phial five or six drops 
more sulphuric acid, but do not 
add the acid in too large quan- 
tities as the gas may come off so 
fast as to be unmanageable, and 
the fluid in the phial may flow 
over into the solution being 
saturated. The apparatus is 
sufficiently simple to be readily 
constructed by the student, as 
instead of the enJarged tube 
carrying the cotton a tube having a cork in each end may be used 
for the purpose. 

A good way to ascertain when the filtrate is saturated is to er- 
move the tube delivering the gas and shake the test tube with the 
opening tightly closed with the thumb. If there ie a pressure on 
the thumb when the teat tube is shaken the filtrate is saturated 
with gas; if, on the other hand, there is a suction on the thumb, the 
gas must be passed through the solution again. 

11. The sulphur of the hydrogen sulphide unites with the 
metals Mercuric Mercury, Bismuth, Copper, Cadmium, Arsenic, 
Antimony, and Tin, to form insoluble sulphides with them. These 
compounds are only completely precipitated when thetiltrate from 
the first group is perfectly saturated with hydrogen sulphide gas. 
These sulphides are from the " second group " of metals. In color 
the sulphides of Mercury, Bismuth and Copper are black, Tin is 
brown or yellow, Arsenic and Cadmium are yellow, Antimony is 
orange. The precipitated sulphides of the metals of the second 
group are filtered out of the solution and the filter is set on one 
side for future use. 

12. To the filtrate last obtained now add some ammonium 
chloride solution equal to about i of the volume of the fluid in the 
test tube. To the same fluid add enough ammonium hydroxide 
to give it an odor of the latter after shaking. Finally add to the 
same mixture some ammonium sulphide. 
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13. The addition of the amtnooium hydroxide may produce ' 
a precipitate but tliis is disregarded for the time being. The 
ainmonium sulphide gives up its sulphur to the metals Ck)balt, 
Nicliel, Iron, Manganese and Zinc, while Alurainium and Chromium 
are precipitated as hydroxides. In color, the sulphides of nickel, 
cobalt and iron are blacb, manganese dirty pink, zinc white, chro- 
mium hydroxide pale green, and aluminium hydroxide white. 

In order to ascertain if enough sulphide haa been added, the 
Bolution mnat be filtered, and a few drops more of the ammonium 
sulphide mixed with the clear filtrate. Here, again, care most i 
be taken that " an excess " of the precipitant is used, before going 1 
on to the next step in the analysis. 

The mixture of sulphides and hydroxides obtained in the 1 
case is from the " third group " of metals, 

14. The filtrate from the group last obtained is mixed witfa.^ 
fonmonium carbonate solution, and thoroughly shaken. Herel 
also the same precaution nmst be taken to insure " an excess " of I 
the carbonate, as waa followed in the case of ammonium sulphide. I 

15. The precipitate obtained may contain the metals Barium,! 
Strontium and Calciumae carbonates. These raetals unite with J 
the carbonic acid of the ammonium carbonate to form insolnbloj 
compounds in the presence of the ammonium hydroxide. All thm 
carbonates are white. 

The precipitate so obtained is from the "fourth group"! 
of metals. 

16. In the filtrate from the ammoninra carbonate precipitate I 
we may have the metals Magnesium, Potassium and Sodium; to-J 
gether with Ammonium and all the chemicals added to precipitate f 
the other groups mentioned above. 

The last filtrate obtained gives us what is termed the " fifth \ 
group " of metals, 

17. Since we have added ammonium salts to effect the separar 
tion of the first four groups of metals we cannot test for ammoni- 
um in the filtrate last obtained. We make a special test for am- 
monium in the original solution used at the beginning, and before 
we have added anything to it. 

The various operations described above maybe tabulated in the I 
following form; 
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CHAPTER n. 



SEPARATION OF THE METALS OF THE HRST GROUP. 

18« In every case the group precipitate Bhonld always be 
washed with water to free it from the fluid that adheres to it and 
which contains some of the metals of other groups. 

In the case of the first group, then, the first step is to wash with 
cold water. For this purpose use the jet of the wash bottle, throw- 
ing the stream around the edges of the filter paper in a uniform 
manner. Always let the first lot of water run through the funnel 
before adding a second quantity. Half a funnel full of water used 
twice will be suflScient. 

Do not add the wash water to the filtrate but allow it to nm 
into another vessel. It may be thrown away unless it is needed 
to dilute the filtrate to a convenient volume. 

19. Transfer the group precipitate to a test tube and boil it 
with water, being careful not to heat the tube directly on the bot> 
tom, to avoid fracture. 

After the first boiling, allow the precipitate to settle and pour 
off the hot fluid into another tube, setting it aside for future use. 
Add more water to the precipitate and boil again. This seooTid 
fluid may be thrown away, it serves to dissolve out any of the 
chloride possibly left by the first lot of water. 

20. The first hot water solution is now to be tested for lead. 
For this purpose the fluid is cooled and a few drops of sulphuric 
acid, together with a few drops of alcohol, are added to a few 
drops of the solution. A white precipitate of lead sulphate indi- 
cates the presence of lead, of the first group of metals. 

21. The reasons for the steps taken are: Lead chloride is 
soluble in hot water, and lead sulphate is insoluble in a mixture of 
alcohol and water. 

22. We now return to the precipitate insoluble in hot water. 
To this we add ammonium hy<koxide in quantity sufficient to fill 

18 
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ihe test tube about one-qnarter f nlL The mixture should be 
thoroughly shaken and then filtered. 

23* If the precipitate on the filter paper is black, mercury(ous) 
of the first group of metals is present. 

24. To the filtrate from the black precipitate add nitric acid 
until the fluid turns blue litmus paper red. Shake the fluid well 
before testing with litmus paper. If the acid fluid gives a white 
precipitate it indicates the presence of silver of the first group of 
metals. 

25. The reasons for the last steps taken are : The chloride of 
mercurjr(ous), of the first group is decomposed by ammonium hy- 
droxide and a compound called amido-mercurous chloride is 
formed which has a black color and is insoluble in ammonium hy- 
droxide. This result is very characteristic. Silver chloride, if it 
is in the precipitate of the metals of the first group will dissolve 
in ihe ammonium hydroxide, and by adding nitric a«id to the fil- 
trate, ammonium nitrate is formed and the silver chloride is re- 
precipitated. * 

Tabulating the operations given above the following scheme 
results: 
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CHAPTER III. 



SPECIAL TESTS FOR THE METALS OF THE FIRST GROUP. 

Lead. 
Blowpipe Test. 

26t Heated with sodium carbonate on charcoal, lead compotmde 
give malleable metallic globules. 

Solution Testa. 

27i Hydrochloric acid and soluble chlorides give a white pre- 
cipitate of lead chloride PbClj. Precipitate is Bolnble in a 
large qnantity (1 in 135) of cold water, and more readily (1 in 30) 
in hot water. Hydrochloric acid and nitric acid deereaae its 
solubility in water. In dilute Bolutione lead chloride will not be 
produced with hydrochloric acid. It is insoluble in strong alco- 
hol ; soluble in alkali acetates and thiosulphates. 

28. Potassium iodide and soluble iodides give a precipitate of 
yellow lead iodide Pbl,. It is soluble in 1235 parts of cold 
and 19i of hot water. 

2B. Hydrogen sulphide and soluble sulphides give a black pre- 
cipitate of lead sulphide PbS. If much hydrochloric acid 
is present the color may be red and precipitate consists of lead 
chloride and lead sulphide. Lead sulphide is insoluble in cold 
dilute acids, alkaline hydroxides and sulphides, and potassium 
cyanide. Hot strong nitric acid decomposes it, forming nitrate or 
sulphate, or both, according to strength of acid used. 

30. Alkaline hydroxides (K, Na, NH^) give white precipitates 
of basic salts. With potassium and sodium hydroxides the pre- 
cipitate is soluble in excess ; with ammonimn hydroxide it is in- 
soluble. Soluble in dilute nitric acid. Lead acetate with am- 
monium hydroxide does not give a precipitate at once ; a soluble 
acetate is formed ; bnt a precipitate finally forms. 

31. Sodium carbonate and soluble carbonates give white pro- 






cipitates (often basic) more or leaa soluble in exeeBB, Insolobl 
in potaeeium cyanide. Soluble in 50,500 parte of water ; 
nitmi salts, also carbon dioxide increase the solubility. 

33> Fotaasinm chromate and soluble cbromates and dicbro- 
mates give a yellow precipitate of lead chromate. PbCrO^, 

soluble in potassium bvdroxide and bydrocbloric acid. Insoluble j_ 

in acetic acid and dilute nitric acid. 

33. Sulphuric acid and soluble sulphates give a fine whit 
precipitate of lead sulphate, PbSO^, insoluble in water and 
dilute acids. Diinte solutions give precipitates only after some 
time, alcohol facilitates precipitation. Lead sulphate dissolves 
slightly in strong nitric and hydrochloric acids, is more eoluble in 
potassium hydroxide. Ammonium acetate and ammonium salts 
dissolve lead sulphate; excess of sulphuric acid causes reprecip- 
itation. 

34. Oommercial Lead Compounds : 
Alloys : 

Shot — (Lead with 40 Iba. of arsenic to the ton.) 

Solder — Lead and Tin. 

Type metal — Lead and Antimony. 
Oxides and Salts : 

Litharge — Lead Oxide, PbO. 

Red Lead— Minium, Pb^O^ (2 PbO, PbO,). 

Chrome Yellow — Lead Chromate, PbCr04, 

White Lead— Basic Lead Carbonate SPbCOj, Pb(0H)g, 

Sugar of Lead, Lead Acetate, Pb (OjHjO,), 3H,0 Solnbla 
1 in 1.5 of water. 

Goulard's Solution — Basic Lead Acetate, PbO(0(H,Oj)a. 
(Solution-25;^ 

Puce Lead Oxide— Lead Dioxide, PbO,. 

Lead Iodide Pbl^. 
" Kitrate, Pb (NO,),, Soluble 1 in 2 of water. 

Meecukt. 
Blowpipe Tests. 

35. All mercory componnda are volatile when heated. 
Heated in a closed tube with dry sodium carbonate, metallic 

mercury is obtained in fine globules. 
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Solution Tests. 



36. Hydrochloric acid and aoluble chlorides give a white 
precipitate of mercurons chloride, Hg^Clj, insoluble in hydro- 
chloric acid and nitric acid. Aqua Eegia and chlorine water dis- 
Holve it, forming mercuric chloride. Potafisiiim and sodium 
hydroxides decompose it, giving merciirous oxide. Ammonium 
hydroxide gives amido-mercurouB chloride, NHjHgjCl. All 
these latter are black. 

37. Potassium iodide and soluble iodides give precipitates of 
green mercurous iodide, Hg^Ij, which is slightly soluble in water. 

38. Hydrogen sulphide and soluble sulphides, give a black 
precipitate of mercuric sulphide, and mercury. HgS,Hg. It is in- 
soluble in dilute acids, ammonimn eulphide, and potassium 
cyanide. Sodium sulphide and hydro-sulphide dissolve the precip- 
itate ; in the first case mercury separatee. It is readily soluble 
in Aqua Kegia. 

39< Alkaline hydroxides {K,Na,NH^) give a precipitate of 
black mercurons oxide with the first two (K,Na), and an amido- 
mercurous compound with the last (NH^ ). All are insoluble in 
excess, 

Mereario Compoimdii. 

40> Hydrogen sulphide and soluble sulphides, give a black 
precipitate of mercuric sulphide, HgS. If the reagent is added in 
small quantities the precipitate is first white, then yellow, orange 
and red, finally black. 

These colors are due to double compoimds of the salt in solution 
and mercuric sulphide. Mercuric sulphide is almost insoluble in 
ammonium sulphide, especially if the latter is yellow. It is insoluble 
in potassium hydroxide, and cyanide, and also in nitric acid, even 
on boiling the last. Hot hydrochloric acid dissolves it. Potass- 
ium and sodium sulphides mixed with the hydroxides dissolve it ; 
but the hydrosnlphides do not. Aqua Kegia decomposes and di&- 



41. Potassium iodide and soluble iodides give a scarlet pre- 
cipitate of mercuric iodide, Hgl,. It is soluble in excess of the 
precipitant used and also in mercuric chloride. 
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42* Potassium and Sodium hydroxides give precipitates of 
mercuric oxide (yellow). With small quantities of hydroxide the 
precipitate is red-brown and contains basic salt. Excess of the 
hydroxide finally gives mercuric oxide. Yellow mercuric oxide is 
insoluble in excess of the hydroxide. 

43* Ammonium hydroxide gives a precipitate of white amido- 
mercuric compounds which are variable in composition. With 
mercuric chloride the precipitate is amido-mercuric chloride, 
NHgHgCl, and is insoluble in excess of the hydroxide, but 
soluble in hydrochloric acid. 

44. Commercial Mercury Compounds : 

Alloys : (Amalgams.) 

Mirror amalgam — ^mercury and tin. 
Electric " — ^mercury, zinc and tin. 
Gold " (dental) — mercury and gold. 

Cadmium " ( " ) — ^mercury and cadmium. 

Oxides and Salts : 

Bed precipitate— mercuric oxide HgO. 

Black wash — mercurous oxide HggO (calomel and lime water)- 

Calomel — mercurous chloride HggClg. 

Corrosive sublimate — ^mercuric chloride HgCl,, soluble 1 in: 
16 of water; 1 in 3 of alcohol. 

Green iodide of mercury — mercurous iodide Hg,!,. 

Red iodide of " mercuric iodide Hgl,. 

Fusible white precipitate — diammonium mercuric chloride 
(NH,),H«C1,. 

Infusible white precipitate — amido-mercuric chloride NHg. 
HgCL 

Vermilion — ^mercuric sulphide HgS. 

SiLVEB. 

Blowpipe Tests. 

45. Under favorable heating with sodium carbonate on charcoal^ 
white bright metallic globules are obtained. 

Solution Tests. 

46. Hydrochloric acid and soluble chlorides give a white 
curdy precipitate of silver chloride AgCl. It is insoluble in nitric 
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acid but soluble in ammonium hydroxide. The chloride in the am-^ 
monium hydroxide is reprecipitated by excess of nitric acid. 
Strong hydrochloric acid and strong solutions of alkaline chlorides 
dissolTe silver chloride, but it is precipitated on diluting. 

47, Hydrogen sulphide and soluble sulphides give a black 
precipitate of silver sulphide AggS. It is insoluble in dilute 
acids, alkaline hydroxides and sulphides, but dissolves in potas- 
sium cyanide. It is soluble in boiling nitric acid. 

48« Alkaline hydroxides (K, Na)give a gray-brown precipitate 
of silver oxide AggO, insoluble in excess of the precipitants, but 
soluble in ammonium hydroxide. 

49* Ammonium hydroxide in small quantity gives a brown 
precipitate of silver oxide soluble in excess of the precipitant. 
Acid solutions are not precipitated. 

50. Oommercial Silver Oompounds : 
Alloy : 

saver coin— silver and copper. 
Oxides and Salts : 

Silver oxide — ^AggO. 

Silver nitrate — AgNO^ Soluble, 1 in 0.8 part of water; 1 in 26 
parts of alcohol. 

Lunar caustic — ^fused silver nitrate. 

Silver cyanide — ^AgCN. 

Silver Iodide — ^Agl. Used in pharmacy and photography. 
« Bromide— AgBr. Used in photographic dry plates. 



CHAPTER TV. 



SEPARATION OF THE METALS OF THE SECOND GROUP. ] 

Ab in the first group, the precipitate should be washed ' 
water, to take ont of it any adhering fluid containing meta 
of other groups. Use the wash bottle in the same manner as t 
described, and water in the same quantity. The same precautio 
must be taken about not adding the wash water to the filtrate. 

51. Place some of the precipitate, after washing, into t 
tube, and pour upon it about five times its volume of anunoniuml 
sulphide, and shake well. 

This treatment serves to separate the metallic sulphides in the^ 
precipitate in two parts, those soluble in ammonium sulphide being 
arsenic, antimony and tin sulphides. The mixture is now filtered, 
and the insoluble part is washed. On the filter paper will be 
fotmd any or all of the sulphides of the metals : lead (only partially J 
precipitated by hydrochloric acid in group I), mercury, bismnth,r 
copper and cadmium. 

Set the solution aside for the present, and proceed with the in-] 
soluble part as follows : 

52> SuLPHroEs Insoluble in Ammonium Sciphide. — Dry the 
waished precipitate by placing the filter paper, unfolded, over a small 
gas flame, and at such a distance above it tliat the paper is not 
charred. Dry till the precipitate can be readily scraped ofi the j 
paper with a knife. 

53. Put the dry material into a porcelain dish and add to it i 
enough Aqua Regia (1 volume of nitric acid and 2 volumes of 
hydrochloricacid)tomakeit thoroughly wet. Do not use more acid 
than necessary. Heat the acid mixture very gently until all the 
dark matter is changed to a yellowish color, which is sulphur, and 
then continue the heating till .only a few drops of fluid remain 
in the dish. Be very careful not to bake the material in the disl^ 
moving tbe fluid arotmd the sides of the dish as it evaporate" 
leaving the matter still moist when the work is complete. 
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&4> Now add to the contents of the dish a few drops of enl- 
phuric acid and only enongh to make the mass perfectly fluid. 
Heat the dish again till heavy white fumes of sulphuric acid are 
given off, and then cover it with another dish and allow to cool. 

55> The preceding steps are taken to turn the sulphides, first 
into chlorides by Aqua Eegia, and then into sulphates by the sul- 
phuric acid. If the chlorides become overheated during the 
evaporation of the acid, they nrny be turned into compounds that 
will not give sulphates with the sulphuric acid, hence it is import- 
ant to take the precautions given above. 

56i After the dish is cool {ii must he cool) add to the fluid in 
it enongh water to dilute the acid to ten times its volume, and 
stir well. Allow the insoluble matter to settle, pour the fluid off 
into a test tube, and add a few more drops of snlphuric acid, and, 
then, ten times its volume of water to the contents of the dish, 
and stir well again. By this treatment all the soluble matter will 
be dissolved out. Pour off the second lot of water into the tube 
that contains the first portion used, and filter the combined fluids. 
The insoluble material is lead sulphate, and indicates that this 
group contains lead not precipitated by hydrochloric acid. This 
lead sulphate should be a fine, very heavy, white precipitate, in the 
bottom of the dish ; but if the dry precipitate of sulphides insol- 
uble in ammonium sulphide, contains any filter paper removed 
during the scraping, see 63, then it may be dark colored, 

57, The filtered fluid from the lead sulphate now contains the 
other metals, mercury, bismuth, copper and cadmium, as sulphates. 

SS* Place a few drops of the fluid in a watch glass and put 
into it a clean piece of copper wire. Allow this to stand for a few 
minutes, and if a gray deposit forms on the wire, which when 
rubbed with the finger gives a bright white metaUic surface, 
mercury ie present in the group, the deposit being fine globules of 
mercury precipitated by the copper. Having used copper in the 
watch glass, we must throw this fluid away. 

59. The rest of the solution B"? from which a few drops were 
taken is next mixed \^l^uamonium hydroxide till it is distinctly 
alkaline adHkking1l9^^Blter out the precipitate formed and 
wash it ws^^Hi three lots of water. 
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Set the filtrate aside for the present and proceed with the pre-l 

cipitate as follows : 

60. Dissolve the well washed precipitate off the filter papen 
with the least possible quantity of hydrochloric acid, nsing a few 
drops. Boil down the acid fluid till only enough remaiaa in thai 
test tnbe to allow one or two drops to be poured out. Pour thesol 
drops into a tube full of cold water. If a fine white cloud fon 
after some minntes, it is bismuth osychloride, and indicates tbo.l 
presence of bismuth. 

61. The precipitate formed by ammonium hydroxide may be 
compound of mercury together with bismuth hydroiide. The' 
solution in hydrochloric acid converts both these into chlorides j' 
the bismuth chloride gives an insoluble oxychloride with water, 
while the mercury chloride is left in the solution, hence the above' 
treatment serves to distinguish tliem. Care must be taken that 
the fluid poured into the water does not contain too great an excess 
of acid, and this is the reason for boiling the fiuid down to a few 
drops. 

62i Now return to the filtrate from the ammoniiim hydroxidi 
precipitate (see 59). This contains the copper and oadminm,; 
If it has a blue color, copper is present in this group. In order] 
to find cadmium in this fluid, proceed as follows : 

63. To the solution add acetic acid till the fluid is acid to 
test-paper. Pass through the fluid hydrogen sulphide until it ia 
saturated, and filter out the precipitate formed. This precipitate 
contains both copper and cadmium as sulphides. The filtrate 
from these is thrown away. If the precipitate with hydrogen 
sulphide is yellow, cadmium is present, and the operation in 64 
and 65 may be omitted, copper and mercury being absent. 

64. The mixed sulphides of copper and cadmitun are washed on 
the filter as usual, the filter is pierced with a glass rod and the 
precipitate is washed into a teet-tube with dilute sulphuric acid 
(1 in 6), and the mixture is boiled for some minutes. By this treat- 
ment the cadmium sulphide dissolves while the copper sulphide re- 
mains. Filter out the copper sulphide^aa^t may be thrown away. 
The matter insoluble in sulphari»HH|Pky 
Bulphide if that metal has already oSea fouai 
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^reBent unless it has given a blue color with ammoniiiin hydrox- 
ide. To the Bolntion add ammoiiinra hydroxide till the fluid is 
just alkaline, then add hydrochloric acid, drop by drop, till the 
fluid is just acid. Cool the fluid and pass hydrogen sulphide 
throngh it until it is saturated. If a yellow precipitate forms, it 
IB cadmium sulphide, and indicates the presence of cadmium. 

65. The reasons for the last steps are : Sulphuric acid has the 
property of dissolving cadmium sulphide, and if it is not too 
strong it wiU not dissolve copper sulphide ; it is therefore impor- 
tant to dilute the acid as above. The acid fluid containing the 
cadmium cannot readily be precipitated by hydrogen sulphide, 
and the acid has to be neutrahzed by ammonimn hydroxide ; then 
a few drops of hydrochloric acid bring it into the proper condi- 
tion for the use of hydrogen sulphide. Cadmium sulphide is in- 
eoluble in weak hydrochloric acid. 

66. StTLPHiDES SoLiTBLE iH Ammootum SuLPHroE. — The fluid 
filtered from the insoluble matter examined above may contain the 
sulphides of arsenic, antimony and tin. 

Bt. These are thrown out of solution when the fluid is made 
acid. Add hydrochloric acid to the solution a few drops at a 
time (shaking between each addition) till it is just acid to test^ 
paper. We now obtain a precipitate of the sulphides, mixed 
with sulphur from the decomposition of the ammonium sulphide 
by the acid. 

68. rilter out the precipitate and wash it The filtrate m&j 

be thrown away. 

Put the precipitate into a tube and shake it with about four 
times its volume of ammonium carbonate. This last solution will 
dissolve the arsenic sulphide, and the other sulphides will remain 
iusoluble. Filter out the insoluble matter and wash it. 

69. To the ammonium carbonate filtrate add hydrochloric aoid 
slowly, Bhating between each addition, till the fluid is just acid to 
test-paper. If arsenic is present, a bright yellow precipitate will 
form. 

TO. Sometimes a brownish precipitate will form ; this ia due to 
a little copper sulphide, and ita presence may be proved by filter- 
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JDg out the precipitate, dieeolving in a few drops of nitric 
and adding anjiaoniura hydroxide in slight excess ; if a bine color 
is produced, copper is present. The presence of copper at this 
point is due to tJie slight eolubility of copper sulphide in the 
ammonium sulphide used to separate the members of this grou] 
into two parts at the beginning of operations. 

71. The yellow precipitate of arsenic sulphide may be washed' 
and examined by special tests given later. 

73. After washing the precipitate insoluble in ammoniom car- 
bonate, it must be dried as in the case of the sulphides insolnhle 
in ammouiam sulphide at the beginning of this group (see 53)- 
The dried material is put into a dish and made thoroughly 
wet with hydrochloric acid. Ileat the acid mixture until 
only yellow sulphur is left. Apply the heat carefully and do 
not bake the mixture. If tlie acid boils away, add a few 
drops more, but do not use too much. As soon as the pre- 
cipitate is all acted upon and only the sulphur remains, add 
water to the contents of the dish to about four times the 
volume of the acid that remains, K the water gives a milky 
fluid, too much water has been added ; in this ease add carefully a 
few drops more of acid till it clears up. Filter out the sulphur and 
let the fluid run into another dish. Place in the bottom of the last 
dish a piece of platinum foil that is bright and has been made 
red hot in gas flAme. On the platinum foil place a piece of sheet 
zinc that has been cleaned by washing in dilute hydrochloric acid, 
A brisk effervescence should now take place on the zinc, and if it 
does not, add a few drops more of hydrochloric acid. If a deepj 
black deposit forms on the platinum, antimony is present in this 
group. The stain on the platinum foil may also be due to cop- 
per, the sulphide of which is soluble in ammonium sulphide (see 
70), but it is then a broivniah stain. Allow the action to go on 
for some time, and watch for the presence of gray metallic particles 
floating about in the fluid and in the bottom of the dish. On tb»;| 
zinc also some of these particles may adhere. 

With the finger rub the particles off the zinc into the fluid i^ 
the dish, using a little water from the wash bottle to wash the lin- 
gers. Remove the platinum from the dish ; wash it also, and allow 
the contents of the dish to deposit. Pour off the fluid as much as 
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possible ; then drain the depoBit, and add a few drops of liydro- 
chloric acid to what reraaina in the dish, heating gently till the 
matter is dissolved. When solntion is complete, pour it into a teat- 
tnbe, and add to the fluid a few .drops of mercuric chloride. A 
white precipitate indicates the presence of tin in this group. The 
precipitate is mercurous chloride, and is due to the action of tin 
(stannous) chloride on mercuric chloride. 

74. The reasons for the steps in the second part of this group 
are as follows: The addition of hydrochloric acid to the am- 
monium sulphide filtrate neutralizes the solvent effect of the fluid, 
and the sulphides are separated. As the filtrate from these re- 
pi'oeipitated sulphides contains only anunoainm chloride, we 
throw it away. The treatment with ammonium carbonate is a 
simple solution of the arsenic sulphide, and the addition of acid 
neutralizes this solvent action and gives the yellow arsenic sul- 
phide. Heating the sulphides, insoluble in ammoniiun carbonate, 
with hydrochloric acid, serves to convert them into chlorides. The 
milky appearance sometimes obtained on adding water to the 
chloride solution is due to the formation of antimony oxychloride, 
which !3 soluble in hydrochloric acid. The black stain on the plat- 
inum is metallic antimony, precipitated by the zinc; the gray 
particles are metallic tin, due to the same action. Heating the tin 
with hydrochloric acid gives stannous chloride, and thiB latter 
takes chlorine from mercuric chloride, which is soluble, reducing 
it to mercurous chloride, which is insoluble. 

The foregoing description is tabulated in the foUowing scheme : 
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SPECIAL TESTS FOR THE METALS OF THE SECOND GROUP. 

The special teste for mercury and lead are given on pages 21 
and 23. 

Bismuth. 

Blowpipe Test. 
T5. Heated on charcoal with sodimn carbonate in the reducing 
flame, bismuth compounds give brittle metallic globules. Heated 
■with a mixture of sulphur and potassium iodide, they give a 
scarlet coat to the charcoal which is highly characterietic. 

Solution Tests. 
■ 18. Hydrochloric acid and soluble chlorides give a white pre- 
cipitate of bismuth oxychloride, BiOCl, if there is not too 
mnch free acid present. The pj-ecipitate is insoluble in water, 
but it disaolves in strong acids. Tf a solution gives a precipitate 
with hydrochloric acid, and if t^is ^aappears on adding a few 
drops of the fluid cooltiining ^Ik^^SUtete to a few drops of 
hydrochloric acid, the solutiom^^^flHH|tain any of the mem- 
bers of the first group of metals.^HIBr qBantities of lead may 
be dissolved ; but these are found in tfie second group. The 
precipitate soluble in hydrochloric acid may be either bismuth or 
antimony. See Special Tests foi; Ant^uony. 

TTT. Hydrogen sulphide an^B^b^eiilphides give a brownish- 
black precipitate of bismuth e]S^^^^^^H3 in acid or neutral solu- 
tions. Presence of much ^9^^^^^HI' ^^'^ precipitation. The 
precipitate is insoluble in dUnli^^^HBkalies, alkaline sulphides 
and potassium cyanide. It is raPJUFin strong nitric acid. 

18. Alkahne hydroxides (K,Na,NH^) give white precipitates 
of bismuth hydroxide, insoluble in excess of the precipitant. 

79, Sodium carbonate and soluble carbonates give a white 
precipitate of basic bismuth carbonate Bi O3CO3, insoluble in 
excess of the precipitant and in potassium cyanide. 
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80i FotasBic chromate and 8olut>le cIiTonuHH&cl dichromates 
give a yellow precipitate of basic bimi^tb chromate, of varions 
compoaitiou. The precij^pte is Boliibl#tn dilute nitric acid, and 
insoluble in potafisitim hydroxide. Compare lead chromate (V^BS). 

81. Solphoric acid and solahle sttlpliates do not give precipi- 
tates with biemnth compoands. 

83> Water precipitates basic salts. Thus, eolation of bismntlt 
nitrate, dilnted with water, gives bismuth basic nitrate, BiONOg ; 
and solution of bismuth chloride, under like circamstances, givea 
bismuth basic chloride, BiOCl. 

88> Oommercial Bismuth Compounds : 
Alloys: 

Wood's alloy for dentists. Bi i, Pb 2, 8n 1, Od 1. 

Type metal sometimes contains 2 per cent, of Bi. 
Oxides and Salts: 

Bismuth cream, BiO,Hj, 20 parte in 100 of water. 

Bismuth subcarbonate, BigOgCO^HiO. ) Formuhe are uncer~ 

Bismuth snbnitrate, BiONO^HjO. ) tain. 

Bismuth citrate, BiCgH^O,. 

Flake white is bismn& i 

Pearl white is bismnd 



Blowpipe Tests. 
84. Heated in the reducing fiame, copper compounds give red 
metallic globules. These are very (Bjaall and may not be peroep- 
table without a lens. ^^fl^^ 

86. On platinum wire. J^^^^Hie, when copper compounds 
are moistened with hydro^H^^^Ba sky-blue color is produced, 
fading to emerald green. ^^^r 

86. Borax in a bead gives a green glass while hot and blue 
when cold. 

Solution Testa. 
/ST. Hydrochloric acid and soluble chlorides give a green color 
to copper solutions. 
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' 88. Hydrogen sulphide and solnble sulphides give a brown- 
black precipitate of copper snlphide, CuS. This ia formed in neu- 
tral, acid, and alkaline Bolutions. It is inBolubie in dilute acids 
and alkiline hydroxides. Snlphides of Bodium and potassium do 
not dissolve it. Ammonium sulphide dissolves it slightly. Nitric 
acid dissolves it on boiling. Dilute sulphuric acid does not dis- 
solve it on boiling. Potassinm cyanide dissolves the freshly formed 
precipitate. Much acid in solutions will prevent the formation of 
the precipitate of copper sulphide. 

89. Alkaline hydroxides (K and Na) give a light blue precipitate 
of copper hydroxide Cu(OH)g. Boiling displaces water and gives 
black copper oxide. The blue hydroxide dissolves in a large ex- 
cess of either potassium or sodium hydroxide, giving a blue 
fluid. Organic acids prevent the formation of copper hydroxide. 

90. Ammonium hydroxide in small quantity gives the same 
light blue precipitate as sodium hydroxide. With more am- 
monium hydroxide, a blue eolotion is formed, 

91. Sodium carbonate and soluble carbonates (except of NH,) 

give a greenish-blue precipitate of basic copper carbonate CnO^ 
HCOj. It ifl soluble in ammonium hydroxide to a blue fluid, and 
in potassium cyanide without any color. Boiling the precipitate 
tarns it brown. 

92* Ammonium carbonate acta like ammonium hydroxide. 

98a Potassium ferrocyanide gives a reddifih-brown precipitate 
of copper ferrocyanide Cu3re(CN)g, insoluble in dilute acids and 
decomposed by alkaline hydroxides. In very dilute solutions 
only a red color is produced. 

94. C3ommercial Copper Componnds ; 
Alloys : 
Brass — copper and zinc. 
Bronze — copper, tin and zinc. 
BeU Metal — copper and tin. 
Speculum Metal — copper and tin. 
German Silver — copper, zinc, nickel. 
Alntniniiim Bronze — copper with 10^ AL 



Oxides and Salte ; 

Black Oxide,— CnO, Cupric Oxide. 

Ited Oxide — Cn^O, Copper Scale. Suboxide, Cuprona Oxide. 

Blue Vitriol,— CiiSO<+5HgO, Cupric Sulphate. BlnMtone^ 
Soluble 1 in 2.6 of water. 

Soheele'B Green — Cnpric Arsenite, CuHAsOj. 

Paris Green. — Aceto-arsenite of copper. Composition variable 

Verdigris — Basic Cupric Acetate, CompoBition variable. 

Copper Acetate— Cu (C,H3O3)g+Hg0. Soluble 1 in 15 of | 
water : 1 in 135 of alcohol. 



Cadmiitm. 

Blowpipe Teeta. 

95. Not very characteristic for this metal- 

Solution Teste. 

96. Hydrochloric acid and soluble chlorides do not affect cac 
mium solutions. 

/' 97. Hydrogen sulphide and soluble sulphides give a bright 
yellow precipitate of cadmium sulphide CdS in alkaline, acid 
and neutral solutions. It is insoluble in dilute acids, alkaline 
hydroxides and sulphides and potaesium cyanide. It is soluble in 
boiling nitric acid, also in boiling hydrochloric acid and boiling 
dilute sulphuric acid (compare copper sulphide). Much acid in 
solutions will prevent precipitation of cadmium sulphide. 

98. Alkaline hydroxides (K and Na) give a white precipitate of 
cadmium hydroxide, Cd(OH)g, insoluble in excess of the pi 
cipitant. 

99. Ammonium hydroxide in small quantity gives a wlute pi 
cipitate of cadmium hydroxide which is soluble in excess ; but it 
is precipitated on diluting and by potassium or sodium hydroxidea. 

100. Alkaline carbonates (K,Na and NH^) give a white pre- 
cipitate of cadmium carbonate, CdCOg, insoluble in excess, except 
ammonium carbonate which dissolves a little. Ammonium salts 
retard the precipitation, ammonium hydroxide prevents it. Thet] 
precipitate is soluble in potassium cyanide. 

101. Commercial Cadmiimi Compounds: 






alloys : 
Fusible alloys — bismutli, lead, tin and cadmium. 

"Wood's alloy — see Eismuth alloja. 
Oxides and salts : 

Cadioiviin yellow — CdS cadmium sulphide. An artisfs pig- 
ment. 

Cadmia — same ae preceding. Some varieties contain thallium. 

Arsenic. 
Blowpipe Tests. 

103> Arsenic compounds heated on charcoal with sodium car- 
bonate give an odor of garlic. This is very characteristic, 

103* Heated in a closed glass tube with potassium cyanide and 
sodimn carbonate (1 KCN with 3 NagCOa), araenic compounds 
give a black mirror of arsenic. On opening the closed end of the 
tube and heating the mirror in a current of air, white oetohedra 
of arsenioua oxide are deposited in the upper part of the tube. 

104. Arsenious and arsenic oxides heated in a glass tube, in the 
upper part of wliich is some red hot charcoal, are decomposed and 
a black mirror of arsenic is formed above the charcoal. 



Solution Tests. 
Arsenious Compounds. 

105* Hydrochloric acid and soluble chlorides do not affect 
arsenions solutions, 

106. Hydrogen sulphide and soluble sulphides in acid solu- 
tions give a yellow precipitate of arsenious sulphide, AsjSg, It is 
soluble in alkaline sulphides, hydroxides, carbonates and acid-car- 
"bonates. These solutions are reprecipitated by the addition of 
hydrochloric acid in excess, alone, or with more hydrogen sulphide. 
The precipitate is soluble in boiling nitric acid. It is nearly insol- 
uble in boiling hydrochloric acid. On fusing the dry precipitate 
with sodium carbonate and nitrate, sodium arsenate and sulphate 
are formed. A water solution of arsenious acid is not precipitated 
by hydrogen sulphide ; a yellow color only is given until hydro- 
chloric acid is added, when yellow arsenious sulphide falls. The 
addition of acid is also necessary in the case of alkaline araenites. 
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107. Silver nitrate in nentral solutions gives a yellow precip! 
itate of silver arsenite AgjAeO^, It is soluble in nitric acid 
and in ammoniura hydroxide. It is also soluble in ammoninm 
nitrate to a slight extent. From the last fact a small quantity of 
arsenious sulphide dissolved in much nitric acid and neutralized 
with ammonium hydroxide would not give the silver arsenite. 

108. Copper sulphate in neutral solutions gives a yellow 
green precipitate of copper arsenite, CdHAsOj (Scheele's Grreen] 
It is soluble in alkaline hydroxides. 

109. Copper foil, clean and bright, heated with a solution 
containing hydrochloric acid, becomes coated with a film of iron- 
gray copper arsenide, CujAs^ (Reinseh's test). By drying t 
carefully washed coated copper and heating in a glass tube, a n 
ror of arsenic may be obtained. 

1 10. Zinc and sulphuric acid added to a solution containing a 
senic give hydrogen arsenide, AsHj. The best method to pursue 
with this {Marsh's test) is to make an apparatus for generating hydro- 
gen gas, with a drying tube attached filled with granulated calcium 
chloride, and a length of hard glass tubing terminating in a jet. 
The hard tube should be horizontal and the jet vertical. At 
various points on the horizontal tube the glass should Be drawn out 
to make tlie tube smaller. When the apparatus is ready, place in 
it some zinc (free from arsenic) and cover it with water. Now 
pour in a little sulphuric acid (also free from arsenic) and shake 
the apparatus. Continue adding acid and shaking till a good sup- 
ply of hydrogen gas is given off and all air is expelled from the 
apparatus. Now add the arsenic solution to be tested and heat the 
horizontal tube near the contracted parts, and on the side toward 
the hydrogen apparatus. The arsenic will form a black mirror on 
the tube just beyond the heated part. If the gas is ignited at the 
jet, and a piece of cold porcelain is held down in the flame, it will 
be coated with a mirror of arsenic. This mirror is soluble in a 
solution of calcium hypochlorite (bleaching powder); compare 
antimony 137. On passing the gas through a solution of silver 
nitrate, a precipitate of silver is produced, and arsenious acid goes _ 
into solution according to the following equation : 

AsHa + 6AgNOs + SH^O = 6Ag + EjAsO, -j- 6HN0j. 
Compare with antimony. 




111. N. B, — Great care must be taken to insure the absence ot 
arsenic in the zinc and sulphuric acid used in the Marsh test. It 
is best to test the gas by heating one part of the tube for some 
time before adding the arsenic solntion. It is also essential that 
the air in. the apparatus he fuUy displaced ly hydrogen before 
lighting the gas or heating the tube. Cover the apparatus with a 
towel before lighting the Jet. 

Arsemo Compounds. 

113. Hydrochloric acid and soluble ehloridea do not affect 
arsenic solutions. 

113. Hydrogen Bulphide and Boluble sulphides do not precip- 
itate neutral or alkaline solutions. In acid solutions the arsenic 
compounds are partially reduced by tlTe sulphide to arsenious 
compouodB, sulphur separating, and then araenious sulphide, 
AsgSs, together with arsenic sulphide, AbjSj, is precipitated. 
This change takes some time, and may be assisted by heat at 70° 0. 
If the solution is first mixed with sulphurous acid (or sodium sul- 
phite and hydrochloric acid) and heated, the arseiiic compounds are 
reduced and hydrogen sulphide gives_a precipitate of arsenious 
solphide. 

/1 14. Silver nitrate, in neutral solutions, gives a reddish-brown 
precipitate of silver arsenate, AgjAsO^, soluble in nitric acid and 
ammonium hydroxide. It is also soluble in ammonium nitrate 
to a slight extent ; therefore a nitric acid solution of small quan- 
tities of arsenic acid may not give a precipitate when neutralized 
with ammonium hydroxide. 

fllS. Copper sulphate, in neutral solutions, gives a greenish-blue 
precipitate of copper arseuate, CUHASO4, 

116. Magnesium mixture (magnesium sulphate, ammonium 
chloride and ammoninm hydroxide) gives a crystalline precipitate 
of ammonio-magnesium arsenate, MgNH^AsO^. This precipitate 
may be tested for arsenic acid by dissolving a little of it in a few 
drops of nitric acid, adding silver nitrate, and carefully neutral- 
izing with ammonium hydroxide ; a reddish-brown precipitate of 
silver arsenate will be formed. This marks the difference from 
the phosphate compound (see magnesium 333). 

IIT. Copper foil acts the same as with arsenious compounds, 
but the solution must be mixed with twice its volume of strong 
hydrochloric acid. 
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11 8. Zinc and snlphmic acid act as with arsenions componnds. 

119» Molybdic acid in nitric acid gives no precipitate in the 
cold, but on heating, a bright yellow precipitate is formed, even in 
dilute solutions. The precipitate is soluble in ammonium hydrox* 
ide, and this solution gives the precipitate with magnesium mix- 
ture. 

120* Oommercial Arsenic Compounds : 
Alloys : 

Shot — ^Lead with 2% As. 

Oxides and salts : 

Arsenic — ^White arsenic — ASj^Og, arsenious oxide. 

Realgar — ^As^S,, red orpiment. 

Orpiment — ^AsgSg, yellow orpiment — King's yellow (mixture: 
AS3S3 and A83O3). 

Scheele's green — Copper arsenite, CuHAsOg — ^Emerald green. 

Paris green — Aceto-arsenite of copper, composition variable. 

Sodium arsenate, Na^HAsO^ — soluble 1 in 4 of water. 

Fowler's solution — 1% of arsenious oxide in potassium carbonate 
solution. 

Blowpipe Tests. 

121. Antimony compoimds heated with sodium carbonate on 
charcoal in the reducing flame, give brittle metallic globules. 

Solutipn Tests. 

122. Hydrochloric acid and soluble chlorides behave with an* 
timony compounds the same as with bismuth compounds (see 76)« 

123. Hydrogen sulphide and soluble sulphides in acid solu- 
tions give a precipitate of reddish-orange antimonious sulphide 
SbsSg. It is soluble in alkaline (K and iNTa) hydroxides and sulph- 
ides ; slightly soluble in ammoniimi hydroxide ; and nearly insoluble 
in ammonium carbonate. It is soluble in strong hydrochloric 
acid, and insoluble in the dilute acid. If the dry precipitate is 
fused with sodium carbonate and nitrate, sodium antimonate is 
formed and sodium sulphate. 
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' 134. Alkaline hydrosddeB(K,NaaiidNH4)giveawMtepreoipi- 

tate of antimonioiia hydroxide. It is nearly insolnble in ammoa- 
jam hydroxide, and diaaolves in the others (Kand Na hydroxides), 

13S« Alkaline carbonates (K,Naand NH^) give the same pre- 
cipitate as the hydroxides. It dissolves in boiliog sodium carbonate, 

N. E. — Taxtar-emetie is not perfectly precipitated by either al- 
kaline hydroxides or carbonates. 

136. Zinc added to a aolntion gives a black precipitate of an- 
timony. Nitric acid mast be absent. If this test is made in the 
presence of platinum foil, the zinc being in contact with the foil, 
a black or brown stain will be produced. This test is delicate and 
characteristic. The stain is insoluble in hydrochloric acid, but is 
soluble in hot nitric acid. 

137* Zinc and sulphuric acid added to a solution containing 
antimony give hydrogen antimonide SbHj, As in the oaae of 
arsenic, the best method to pursue in this test (Marsh's) is to make 
an apparatus for generating hydrogen gas, and to follow very care- 
fnlly the directions given under arsenic for the same test, 110* 
On heating the tube near the contracted parts, a black mirror will 
deposit in the same manner as with arsenic. By holding a piece of 
cold porcelain in the ignited jet of gas, a deposit similar to that 
obtained with arsenic will also be obtained ; but in the ease of the 
antimony mirror, the deposit is not soluble in solution of calcium 
hydroehlorite (bleaching powder) compare arsenic, 110. On 
passing the gas into a solution of silver nitrate, a black precipitate 
of silver antimonide, Ag^Sb, will be obtained. This is formed 
according to the following equation ; 

SbHg + 3AgN03= SbAg, + 3HNO3. 

138. Water precipitates basic salts from acid antimony solu- 
tions. In the case of antimony chloride, the precipitate is SbOCI, 
and is soluble in tartaric acid. Compare Bismuth. Presence of 
much free acid prevents the precipitation, 

139. Commercial Antimony Compounds : 
Alloys : 

Type metal — Antimony and Lead. 
Regulus — Commercial metallic antimony, 
Britannia— Tin 80, Antiaiony 10, with a little copper. 
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Oxides and salts : 

Flowers of antimony — SbgOj. 

Antimony ash — Sb3 04 from roasted sulphide. 

Potassium metantimonate — KgHgSbgO^+^HgO, soluble in 
water. 

Sodium metantimonate — ^Na2H3Sb,0,j+6H30, insoluble in 
water. 

Butter of antimony — SbOlg. 

Powder of algaroth — SbOCl. 

Antimony sidphide — ^SbgSg. 

Kermes mineral— SbgOg and SbgSg. 

Liver of antimony — ^K 3 SbS 3 . 

Tartaremetie— SKSbOC^H^ O ^ +H3 O. 

Tin. 

Blowpipe Tests. 

130« Heated with sodium carbonate and potassium cyanide on 
charcoal globules of metal are obtained. 

Solution Tests. 

131« Hydrochloric acid and soluble chlorides do not affect 
tin solutions. 

/1 32« Hydrogen sulphide gives a brown precipitate of SnS with 
STannous compounds, and a yellow one of SnSg with stannic com- 
pounds in acid solutions. Both precipitates are soluble in yel- 
low ammonium sulphide, and on adding acid to this solution 
yeUow stannic sulphide is precipitated, even if stannous sul- 
phide was the one dissolved. Both sulphides are insoluble in 
ammonium carbonate. Boiling hydrochloric acid dissolves both 
sulphides. 

133. Zinc in presence of hydrochloric acid gives a precipi- 
.tate of metallic tin as heavy gray particles. These are soluble in 
boiKng strong hydrochloric acid. 

f 184. Mercuric chloride gives with stannous salts a white pre- 
cipitate of mercuxous chloride (see 36)« ^Stannic salts do not 
give this test. 

185. Nitric acid heated with both stannous and stannic com- 
I>ounds gives insoluble metastannic acid. Hence nitric acid and 
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nitrates should not be present in the solutions used in making 

tests. 

136. Commercial Tin Compoimds : 

Alloys : 

Britannia — Tin, 80 ; antimony 10, with a little copper. 
Pewter — Tin and lead, 4 to 1. 
Solder — Tin and lead, variable. 

Bronze, gun metal, bell metal, speculum metal — ^Tin and cop- 
per iu various proportions. 

Block Tin — ^Commercial metallic tin. 

Tin or tin plate — Sheet iron coated with tin. 

Oxides and Salts : 

Putty Powder— SnOg with PbO. 

Sodium Stannate, dyers' mordant — ^NagSnOg. 

Tin crystals, tin salts — SnClg+SHgO. 

Nitromuriate of tin— SnCl^— Pink salt— 2NH4Cl+SnCl4. 

Mosaic gold bronze powder — SnS,. 
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CHAPTER VI. 



SEPARATION OF THE METALS OF THE THIRD GROUP 

The washing of the precipitate must be done well. 

137. Waim the precipitate with about four times its volume of 
diluted hydrochloric acid (one volume of the strong acid and two 
of water), then heat the mixture till it is just warm to the hand. 
Filter out the matter not dissolved and wash it. This contains the 
cobalt and nickel sulphides which are insoluble in dilute hydro- 
chloric acid, while the iron, manganese, and zinc sulphides, to- 
gether with the aluminium and chromium hydroxides go into 
solution as chlorides. Put the solution aside for the time being 
(See 140) ; if it is pink, a little cobalt sulphide has dissolved. 

138. Test the insoluble matter in a bead of borax. For this 
purpose make a loop on the end of a piece of platinum wire by 
winding it round the point of a lead pencil, heat the wire loop 
to redness and, while it is still hot, put it into some powdered borax. 
By this procedure the borax will adhere to the wire, and on heat- 
ing it, a bead of clear borax glass will form in the loop. Care 
must be taken that the loop on the wire is not too large, one- 
eighth of an inch in diameter is best The bead must fill the 
loop and be as clear as glass and colorless. If it is colored or not 
clear, heat it till it melts and throw it off ; a second trial will gen- 
erally give a clear and colorless bead unless the wire fti very dirty. 
Having a good borax bead, dip it into the matter left undissolved by 
the hydrochloric acid, and heat it again till the bead is thoroughly 
melted and clear. Now look through the bead as a lens and note 
its color. • If it is blue, cobalt is present in ^he precipitate. If 
it is brown, nickel is present and no cobalt. Should the bead be 
opaque there is too much precipitate in it and more borax must 
be melted on it to make it sh6w the color. In the last case heat 
the bead till it melts, throw off part of it, and, while it is still hot, 
dip it again into borax and remelt it. 
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139. If the bead is bine from the presence of cobalt, nickel 
inay be present, its brown color being covered by the blue of the 
first metal. In this ease the two metals must be separated by the 
following process : Dry the precipitate as in 52 and dissolve it, in a 
dish, in a few drops of aqua regia, boiling off the excess of acid till 
only a drop remains. Take all the care prescribed in 53, dilute the 
fluid in the dish with a little water and add sodium hydroxide till 
it is very nearly neutralized but still acid. Now add potassium 
nitrite (1 in 2) and acetic acid to strong acid reaction. Add the 
nitrite to the amount of three times the volume of the solution, 
hence the latter must not be too large. If it is lai^, evaporate it 
before adding the nitrite. After adding the acetic acid allow the 
mixture to stand twelve hours, when the cobalt will have sepai'ated 
as a yellow precipitate of nitrite of cobalt and potassium. Filter out 
the precipitate and add sodium hydroxide to the filtrate ; a green 
precipitate, giving a brown bead with borax, indicates nickel. 

140* The solution 13T which may contain the other metals 
of this group is now examined. As stated above, these metals are 
present as chlorides. In the case of iron, it is in the form of ferrous 
chloride, and the first step is to convert it into ferric chloride, in 
order to precipitate it in the coming operations. For this purpose 
put the solution into a dish and add a very little solid potassium 
chlorate. Boil the solution for some time, and, if it is cloudy, add a 
very Httle more chlorate. When finished, the fluid should be clear, 
and free from the odor of chlorine. Add to it, with stirring, sodinm 
hydroxide until it is alkaline to red Ktmus paper. Then add a little 
more hydroxide and boil the mixture for some minutes. The pre- 
cipitate contains iron, manganese and chromium as hydroxides, while 
zinc and aluminium go into solution, their hydroxides being soluble 
in the excess of sodium hydroxide used. Filter out the precipitate 
and wash it. Put the solution aside for the present (see 147). 

141. Dry the precipitate just obtained; when dry, or nearly 
so, mix it "flilQi dry sodium carbonate. This is best done by scrap- 
ing the dried precipitate from the filter paper with a clean pen- 
knife, and rubbing it in a small porcelain dish with the sodium 
carbonate by means of the small end of a pestle. The mixture 
should be dry and nearly white ; if it is a dark color more sodium 
cvbonate must be added. If an insuflicient quantity of carbonate 
IB added the nest step is not easy to perform. 
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143. Place the mixtare just made on a piece of platinum foil 
held on a stick of charcoal, and by means of the blowpipe heat it 
ontil it melts. With the blowpipe blow very gently at first to , 
avoid the scattering of the particles of the mixture. Having ob- 
tained a complete fusion of the mixture, place on one comer of it 
a Braall crystal of sodium nitrate, and heat the latter with the 
point of a blue blowpipe flame until it foams up, then remove the 
flame at once. Allow the fusion to cool. Note tlie color of the 
fusion at the point where the nitrate was fused and if it is bluiBh- 
green, it denotes the presence of manganese. 

143. Having determined the presence or absence of manganeBe 
by the test with sodium nitrate just given, proceed to add more 
sodium nitrate to the fusion in small quantities, fusing on each ad- 
dition until the entire mass has been made to foam up thoroughly. 
Allow the mass to cool, place it in a dish while it is still attached 
to the platinum, add water and heat until the mass becomes detached 
from the foil. Wash the foil with a little water and remove it 
from the dish. Boil the contents of the dish until the fusion has 
dissolved except perhaps some dark colored particles that readily 
settle. Filter out this dark material, wash it with water, preserve 
it (see 146) and examine the filtrate as directed in 144 and 145. 

144. If the filtrate is yellow, add to it enough acetic acid to 
make it redden blue litmus paper, shaking well after adding the 
acid and before testing with the paper. To the acid fluid add lead 
acetate; a yellow precipitate is lead chromate and indicates the 
presence of chromium. 

145. Should the filtrate from the boiling of the fusion run 
through the filter colorless, chromium cannot be present, as all 
ehromates are colored ; therefore the addition of acetic acid and 
lead acetate may be omitted. 

146. The dark colored material on the filter from the fusion 
solution 143, is dissolved ofE the paper by dropping on it a little 
hydrochloric acid, letting it run into a clean test-tube, in which it is 
heated until it is clear. Now dilute the acid solution with a fittle 
water and add to it a few drops of potassium sulphocyanide ; a 
deep red color indicates the presence of iron. A pale orange 
color shows the presence of a trace of iron which will be found 
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in a large nomber of anbBtancea us an impiirity. The original 

sabstance should be examined by special teBtB to determine if fer- 
rous or ferric compounds are present (184). 

14T. We have now to examine the alkaline solution contain- 
ing the aluminium and zinc. This we filtered from the precipi- 
tate 140 obtained after boiling with potassium chlorate and an 
excess of sodium hydroxide. This alkaline fluid is mixed with 
hydrochloric acid until, on shaking, it reddens blue litmus paper. 
It is then mixed with ammonium hydroxide until, on shaking, 
it smells slightly of the latter. A light flocculent precipitate of 
alnminimn hydroxide indicates the presence of alominium. 

148. If the last precipitate is white, opaque and granular it 
contains zinc, and must be allowed to settle, the fluid poured off, the 
precipitate dissolved in a few drops of hydrochloric acid, and ara- 
monium hydroxide added in slight excess as before ; if alumi- 
nium is present a hght flocculent precipitate will now form. 

149. Filter out the aluminium precipitate and to the filtrate 
add ammonium sulphide, warming the fluid. A flne white pre- 
cipitate of zinc sulphide indicates the presence of zinc in the third 
group. If cobalt gave a pink color to the acid in 137, the zinc 
Bulphide may contain cobalt sulphide and be dark colored ; in this 
case, filter, reject filtrate, wash precipitate and treat it with dilute 
hydrochloric acid. To the acid filtrate thus obtained add ammo- 
nium hydroxide in excess, and then ammonium sulphide. A 
white precipitate is Kinc sulphide. 

l&O. The reasons for the steps taken for the separation of the 
metala of the third group are as follows : 

The filtrate from the first group of metals is acid with hydro- 
chloric acid used in excesss to precipitate those metals. In 
order to obtain the metals of the third group this filtrate must be 
made alkaline, but before we do this, ammonium chloride is added 
to prevent the precipitation of magnesium hydroxide by the 
ammonium hydroxide, which we use to make the filtrate alkaline. 
As the quantity of magnesium preseut is unknown, we add the am- 
monium chloride in good quantity to be sure we have enough. The 
addition of the ammonium chloride does not affect the reaction 
the fluid, and we must now add ammonium hydroxide until the 
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flmells of it after being well shaken. Next we add ammonium 
Bulpbide, even if the annuoniuni hjdroxide has already given a pre- 
cipitate. This precipitate that is sometinies obtained on the addi- 
tion of ammonium hydroxide may be partly the hydroxides of some 
of the metals of the third group and partly tlie sulphides of the 
same, the latter being present from the excess of hydrogen 
£ulphide used to precipitate the mctala of the second group, and 
which remains in the filtrate from that group. As the appearance 
of the precipitate is no guide as to the amount of ami 
eulphide that is necessary to completely precipitate the metals of 
the third group, we add it in moderate quantity, shake the 
mixture well and proceed to filter. Taking the first few drops of 
the filtrate we add to it a drop of ammonium sulphide to see if 
■we get a precipitate. If no precipitate is formed under these 
circumstances we know that the precipitation of the metals of 
the third group is complete; but if, on the other hand, we find that 
the addition of another drop of ammonium sulphide produces a 
precipitate, we must act as follows : Let all the fluid run through 
the filter paper, and also wash the latter once, spreading the water 
uniformly over it, Now return the few di-ops of filtrate that you 
tested with one drop of ammonium sulphide, to the bulk of the fil- 
trate and add more ammonium sulphide. The mixture thus obtained 
is poured on to the filter first used and the filtrate again tested to 
make quite sure that enough ammonium sulphide has now 
added. The ammonium sulphide turns any hydroxides present in 
the ammonium hydroxide precipitate into sulphides except alumin- 
ium and chi'omiuin hydroxides, which are not affected. Wash the 
precipitate well before proceeding further. This is necessary to 
prevent the metals of the fourth group interfering with the 
detection of those of the third. In presence of nickel, and if a 
large excess of ammonium sulphide has been used, the filtrate ia. 
brown colored but clear. 

1 5 1 > The first step in the treatment of the precipitate is for the I 
purpose of separating the sulphides of cobalt and nickel from the i 
rest of the sulphides and hydroxides in the group. That this separa- 1 
tion may be perfect, the precipitate must be in the moist condi- 
tion, as just precipitated. If it is dry, it may be that some of the 
sulphides or hydroxides will not dissolve in hydrochloric acid and 
th\iB remain with the sulphides of cobalt and nickel. Another 
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important point is that the acid used should not be too strong, as 
in this case some of the nickel and cobalt sulphides may then pass 
into solution. We will now notice the matter insoluble in hydro- 
chloric acid. 

i53. The test with the borax bead will ehow at once whether 
<!obalt is present; but care must be taken that the bead first 
formed on the platinum wire is clear and colorless like glass. 
The presence of cobalt masks, by its color, the presence of nickel 
in the borax bead, therefore we have to separate the former before 
■we can detect the latter. The separation of the two metals de- 
pends on the formation of the nitrite of cobalt and potas- 
sium in an acetic acid solution of the metal. Under the same 
circumstances nickel does not give any precipitate, hut it is pre- 
cipitated from the filtrate as nickel hydroxide on the addition of 
potassium hydroxide in excess. The presence of nickel in this 
last precipitate is confirmed by the brown bead which it gives with 
borax. The cobalt precipitate may also be tested in the same way, 
giving a blue bead, but if found at first in the sulphides insoluble 
in hydrochloric acid, this proceeding is unnecessary. 

153. If a brown bead is obtained with the original sulphides 
insoluble in hydrochloric acid, the separation of the cobalt by 
nitrite becomes unnecessary. 

154. We wiE now discuss the reasons for the course of proced- 
ure with the solution obtained from treatment of the original 
sulphides with hydrochloric acid. 

In this case we have a fluid containing the hydrochloric acid 
■which we used in excess, also some hydrogen sulphide, together 
■with the chlorides of the metals of the third group the sulphides 
of which are soluble in hydrochloric acid. The iron chloride 
in this solution is in such a condition that it is not readily precipi- 
tated in the future ; it is in the ferrous condition, and, in order to 
precipitate it, it must be changed to the ferric state. To accom- 
plish this, we put into the fluid some potassium chlorate, and only 
80 much as will just complete the change and no more. That we 
have enough is kno^wn by the change in the fluid, which first be- 
comes milky, and, as the change is completed, clears up. If iron 
is present, we also note another change ; the fiuid turns from col- 
orless to yellow or bro'wn, according to the amount of the metal 
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preBent. Boiling the fluid is for tlie purpose of driving m 
chlorine compoanda formed in the golation by the action of the 
potassium chlorate oa the hydrochloric acid in it. These "wonld 
interfere with the precipitation of the metals in the fntm^. The 
next step is to add enough sodium hydroxide not only to precipi- 
tate tlie iron, chromium and manganese as hydroxides, but also to 
hold the aluminium and zinc in solution. The hydroxideB of 
iron, chrominm and manganese are insoinblein sodium hydroxide, 
while the hydroxides of aluminium and zine are soluble. We 
will now discDse the reaaons for the procedure with the preci] 
itate. 

155a Having washed the precipitate and dried it, it is heal 
with a mixture of sodium carbonate and nitrate. This step is for 
the purpose of converting the chromium and manganese hydrox- 
ides into chromate and manganate of sodium. The first of these 
is yellow ; the latter is bluish-green, and the depth of this last color 
is so great that the mass may appear black if much manganese 
is present ; this ia the reason that only a small portion of the 
sodium nitrate is added at first to give a small depth of 
color. But a further addition of nitrate is necessary in order 
to completely convert the chromium into sodinm chromate 
for its detection. Boiling the fused mass with water decom- 
poses the sodium manganate and leaves the sodinm chromate un- 
changed; the sodium manganate decomposes into manganese 
dioxide, which remains insoluble with the iron, the latter being 
unchanged by the fusion and boiling. In case chromium is pres- 
ent the fluid will be yellow from the sodium chromate, but to 
make sure of the presence of chromium, acetic acid is added to 
the fluid until it is acid and then plumbic acetate, whi^t<«hould 
give a bright yellow precipitate of plumbic chromate. The matter; 
insoluble after boiling the fused mass with water contains bo1 
manganese and iron, but as we have already tested for the former, 
it only remains to test for the latter, which we do by dissolving 
the insoluble matter in hydrochloric acid, boiling to expell chlorine 
formed by the action of the acid on the manganese dioxide present, 
and then adding potassium sulphocyanide. Here it should be 
remembered that the test for iron is an extremely delicate one, 
and a small change of color indicates only a trace of iron which is 
found in almost everything used in the laboratory. 
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1S6. We now come to the alkaline fluid containing the aln- 
mimom and zinc hydroxides. To overoonie the Bolvent action of 
the Bodium hydroxide we have used, we add hydrochloric acid in 
exceas to this fluid and then an exeeaa of ammonium hydroxide 
Tery carefully, to precipitate the aluminium as a hydroxide. In do- 
ing this in cases where much zinc is present, we often get a pre- 
cipitate of a different character from that obtained with alu- 
minium ; but a very slight acquaintance with the appearance of the 
two hydroxides will soon serve to distinguish them. If the 
precipitate obtained with ammonium hydroxide is opaque and 
granular it probably contains zinc ; in this case make the fluid acid 
again with hydrochloric acid, then add ammonium hydroxide in 
excess, when the fiocculent and light precipitate of aluminium 
hydroxide will appear if that metal is present. The addition of 
ammonium sulphide to the iiltrate from the aluminium hydroxide, 
or to the ammoniaeal fluid if aluminium is absent, will give a 
white precipitate of ziuc sulphide if that metal is present. In this 
case the color of the precipitate is very characteristic. It is also 
important to give the precipitate time to form if only small qnaii- 
titiee of zinc are present; slight warming of the fluid also aids the 
Jormatioa of zinc sulphide. 

The preceding methods are tabulated in the f oUowing scheme : 
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CHAPTER Yn. 



SPEaAL TESTS FOR THE METALS OF THE THIRD GROUP. 



KiCKEL. 

Blowpipe .Test. 

157. In a borax bead nickel eompoimds give a seal brown 
color to the glass when the bead is cold. 

Solution Tests. 

158. Hydrochloric acid does not precipitate .nickel solntions. 

169* Hydrogen sulphide does not precipitate acid nickel solu- 
tions, but in alkaline solutions a precipitate of nickel sulphide NiS 
is formed. 

160> Ammonium sulphide precipitates al^wne nickel aola- 
tions, giving black nickel sulphide NiS. Presence of ammonium 
hydroxide assists the precipitation, also the presence of ammonium 
chloride. Nickel sulphide is slightly soluble in ammonium sul- 
phide, hence the filtrate from the precipitate is often brown, 
especiaUy if much ammonium sulphide is used in excess. Nickel 
Bulphide is practically insoluble in dilute hydrochloric acid, also 
in acetic acid, but it dissolves in warm aqua regia. 

161. Sodium and potassium hydroxides precipitate nickel solu- 
tions, giving apple-green nickel hydroxide Ni(0H)3. The pre- 
cipitate is soluble in ammonium carbonate, giving a blue fluid. 

1 62. Ammonium hydroxide, if only a few drops are added to 
nickel solutions which are free from ammoniuui salte and neutral, 
gives a slight precipitate of nickel hydroxide which diseolves 
in excess of the precipitant to a blue fluid. Sodium and potassium 
hydroxides precipitate the ammoniacal solution thus formed. 

163. Alkaline carbonates (of K,Na but not NH^), give green 
precipitates of nickel carbonate mixed with hydroxide. 
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1 64. Potaesimn f errocyanide precipitates grceniah-white nickel 
ferrocyanide NijFe(CN),, which is insoluble in hydrochlorid 
acid. 

16&> PotafisiuinfemcTanideppeeipitatee yellowish-brown nickel 
femcyanide NisFej(CN)i,, which is insoluble in hydrochloric 
acid. 

166. Potassium cyanide precipitates yellowish-green nickel 
cyanide Ni(CN)g, which is soluble in an excess of the precipitant. 
The cyanide solution of nickel thus obtained is reprecipitated by 
adding hydrochloric acid, giving nickel cyanide again. 

167. Bromine water or solution of aodinm hypochlorite add* 
to a solution of nickel cyanide in potassium cyanide, that is slightly 
acid with hydrochloric acid (liberating hydrocyanic acid) and has 
been boiled, produce a precipitate of nickel hydroxide Ni, (OH), 
on again boiling the mixture. 

168. Potassium nitrite in presence of acetic acid does not 
precipitate nickel solutions. 

160. Commercial Nickel Compounds : 
Alloys : 

German silver (Copper 100, Zinc 16, Nickel 40 parts). 

Nickel coins (Copper, Zinc and Nickel ; or Copper and Nickel). 
Salts: 

Double sulphate of nickel and ammonium Ni(NH4)i(S04)j-t- 
6HgO. 

Nickel sulphate. 

Nickel chloride. 

COBAXT. 

Blowpipe Tests. 

170. In a borax bead, cobalt compounds give an intense hhia, 
glass. 

Solution Tests. 

171. Hydrochloric acid does not precipitate cobalt solutions. 

172. Hydrogen sulphide does not precipitate acid cobalt solu 
tions, but in alkaline solutions a black precipitate of cobalt sul- 
phide OoS is formed. 

173. Ammoniom sulphide precipitates black cobalt sulphidel 
CoS. Ammonium chloride aids the precipitation. The precipitate ] 



nt. 




is ineolnble in dilate hydrochloric aoid, alao acelio acid, Irat die- 
solves in warm aqua regia. 

1 74. Sodium and potasaium hydroxides precipitate basic cobalt 
lydroxide of various colors, from dirty green when cold to pale 
red when hot, and its composition is variable ; the red precipitate 
is (.3o(OH)j, Ammonium chloride retards or prevents the precipi- 
tation. 

175. Ammoninm hydroxide, if used in small quantity, gives 
the same precipitate as the foregoing, but it is soluble in excess of 
the reagent, forming a red fluid. Presence of acid or of ammoninm 
salts prevents the precipitation with ammonium hydroxide. 
Sodium and potassium hydroxides precipitate the ammoniacal 
solution thus formed. 

176* Alkaline carbonates (of Na, K but not NH«) give pink 
''^(tjpteeipitatea of cobalt carbonate mixed with hydroxide. 

177. Potassium ferrocyanide precipitates green cobalt ferro- 
cyanide COgFe(0N)fl, which is insoluble in hydrochloric acid. 

178. Potassium ferricyanide precipitates brownish-red cobalt 
ferricfanide Co3Fej(CN)i „, which is insoluble in hydrochloric acid. 

PotasBium cyanide precipitates brownish-white cobalt 

B Co (ON)j, which is soluble in excess of the precipitant. 

Hydrochloric acid precipitates the cyanide solution, giving cobalt 

cyanide again. 

180. Bromine water or sodium hypochlorite added to a soln- 
tioD of cobalt cyanide in potassium cyanide, that is slightly acid 
with hydrochloric acid (liberating hydrocyanic acid), and has been 
boiled, de not produce any precipitate. Hydrochloric acid alao 
fails to precipitate the acid, boiled solution of cobalt cyanide in 
potassium cyanide. 

181. Potassium nitrite, in presence of acetic acid, precipitates co- 
balt potassium nitrite as a tine crystalline powder Kj Co j( NO g), j-j- 
SHgO. The precipitate is decidedly soluble in water, but insolu- 
ble in presence of potassium nitrite. A solution of tlie precipitate 
in boiling water gives cobalt hydroxide ou addition of potassium 
hydroxide. 
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182. Commercial Cobalt Compounds : 
Smalt is silicate of cobalt and potassium. 

Zaffre is also a crude silicate of cobalt made by beating cobalt 
ore witb sand. 

Tbenard's blue is phosphate of cobalt and aluminium. 
Cobalt ultramarine is another name for Thenard's blue. 
Binmann's green is a mixture of zinc and cobalt oxides. 
Sympathetic ink is a solution of cobalt chloride. 
Black oxide of cobalt is CO3O3. 
Cobalt sulphate. 
Cobalt chloride. 
Cobalt nitrate. 

Ibon. 

Blowpipe Test. 

183. In a borax bead, iron gives a color to the glass that varies 
from a yellow while hot, to brownish-yellow when cold. In the 
inner Aame the glass becomes nearly colorless while hot and bottle 
green when cold. 

Solution Tests. 

184. There are two classes of iron salts that may occur in 
solution. One of these is the ferrous class, giving pale green 
solutions, the other is the ferric class which gives yellow or brown 
solutions. 

Ferrous SohiUons. 

1 85. Hydrochloric acid does not affect these soluti( 

186. Hydrogen sulphide does not affect these solunons if they 
are acid, but in alkaline solutions (with organic matter) it gives 
black ferrous sulphide FeS. 

187. Ammonium sulphide precipitates black ferrous sulphide 
FeS, which is insoluble in alkaline hydroxides and sulphides, and 
soluble in dilute hydrochloric acid, also in nitric and acetic acids* 
Ammonium chloride assists the precipitation. 

188. Alkaline hydroxides (of K,Na and NH4), give a precipi- 
tate of ferrous hydroxide, Fe(0H)3, that varies in color from white 
to dirty green or brown after its exposure to the air. Ajnmonium 
salts prevent the precipitation by ammonium hydroxide, and 
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partJaUy witii potaaaium hydroxide. Organic acids, eagai anfl I 
like organic matters, retard or prevent the precipitation of ferrooB 
hydroxide. 

189> Alkaline carbonates give a white precipitate of ferrous 
irbonate FeCO,, which gets dirty green on espoBure to the air, 
'and soon changes to brown ferric hydroxide. 

190> Potassium ferrocyanido gives a precipitate of potasainm ' 
ferrons ferrocyanide K3Fe3[Fe(CN)(,]a, wliich becomes Prussian 
bine Fe,[Fe(CN)u]j on exposure to the air. N^itrie acid likewise 
converts it into ferric ferrocyanide (PruBsian blue). 

191. Potassium ferrioyanide precipitates bine ferrous fer- 
icyanide Fej[Fe{CN),]g , which has the same color as Prnaaian 

%)Iue. The precipitate is insoluble in hydrochloric acid, but is 
decomposed by alkaline hydroxides. 

192. Potassium sulphocyanidedoesnotafEectferroussolutions. 

193. Bariom carbonate does not precipitate these solutions. 



Ferric Solutions. 

194. Hydrochloric acid does not aSect these solntioiis. 

195. Hydrogen sulphide gives a milky precipitate of sulphur 
in acid ferric solutions and at the same time converts them into 
ferrous solutions. In alkaline solutions (e. ff., those containing or- 
ganic matter), a precipitate of ferrous sulphide FeS is formed, 
mixed wit' . sulphur. i 

196. Ammonium sulphide gives a precipitate of ferrous sal- 
phide FeS mixed with sxilphur. Ammonium chlorideassiats 
the precipitation. The precipitate is insoluble in alkaline hy- 
droxides and sulphides, but dissolves in dilute hydrochloric acid. 

197. Alkaline hydroxides (of K,Na and NH^) give a precipi- 
tate of ferric hydroxide FeB(0H)5, which is insoluble in ammo- 

, nium salts and also in excess of the precipitant. Organic matters 
■prevent this precipitation. 

19S. Alkaline carbonates give a precipitate of ferric hydroxide, 
I "with the escape of carbon dioxide as a gas. 



199. Potaflsiam ferrocyanide precipitates ferric ferrocyamde. 

Fe4[Fe(0N)g]g or Prosaian bine, whicli is insoluble in hydros 
chloric acid, but is decomposed by alkaline hydroxides. 



i not precipitate ferric Bolii-I 
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300. Potassium ferricyanide dd 
tions, but deepens their color. 

301. Potassium sulphocyanide gives a blood-red color with 
ferric solutions. The test is extremely delicate, and may be made 
still more ao by adding hydrochloric acid to the solution and 
ahaking with ether, in which the red color dissolves. 

203. Barium carbonate precipitates basic ferric hydroxide, with 
escape of carbon dioxide as a gas. 

303. Commercial Iron Compounds : 

Pig iron is iron with carbon, silicon, phosphorus and solphni 
as impurities. 

Wrought or bar iron is neariy pure, but contains traces of the] 
same impurities as pig iron. 

Steel is the same as wrought iron with more or less carbon. 

Spiegel-Eisen is an alloy of iron and manganese. 

Ferrum reductura is metallic iron reduced by hydrogen f rontl 
powdered ferric oxide. 

Ochre is ferric oxide with more or less clay according to color. 

Iron ore may be magnetite FegO^, hematite Fe,Og, or spathio] 
iron (a basic carbonate). 

Copperas is ferroue sulphate (FeS04)+7HaO. 

Green vitriol is the same as preceding. 

Both of these are often called "iron sulphate" or protosulphate.J 

Prussian bine, Fe,[Fe(CN),]s. 

Liquor fern chloridi contains ferric chloride. 

Liquor ferri persulphatis contains ferric sulphate. 

Iron scale preparations of U. S- P. contain ferric compounds. 

Iron hypophosphite of U. S. P. is the ferric compound. 

Iron pyrophosphate of U. S. P. is the ferric compound renderedl 
soluble by sodium citrate, 

Saccharated carbonate of iron of t). 8. P. contains the ferrom 
compound. 

Ammonia iron alum of U. S. P. contains the ferric compound. 
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Saccharated iodide of iron of U. S. P. coutainB the ferrous 
compound. 

Lactate of iron of tT. S. P. contains the ferrous compound. 
Oxalate of iron of TJ. S. P. contains the ferrons compound. 
Valerianate of iron of TJ. S. P. contains the ferric compound. 

Blowpipe TestB. 

204. In a boras bead, manganese gives an ametliTst color to the 

glass. In the inner blowpipe flame the bead will become 
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305. Heated with sodium carbonate on platinmn foil, manga- 
nese gives a green color to the mass, which is more apparent if a 
little sodium nitrate is used with it. 

Solution Tests. 
206> Hydrochloric acid does not affect manganese Eolutions. 

207. Hydrogen sulphide does not affect acid solutions of man- 
ganese, but in alkaline eolutions it precipitates manganese sulphide 
MnS. 

308. Ammoniam sulphide precipitates manganese sulphide 
MnS, which is flesh colored. The precipitate tame brown in 
the air; it is insoluble in ammonium sulphide and alkaline hy- 
droxides. It dissolves in hydrochloric, nitric and acetic acids. 
Ammonium chloride assists the precipitation by ammoniam 
sulphide. 

20B> Sodium and potaasium hydroxides precipitate white 
manganese hydroxide Mn(0H)3, which turns brown in the air. 

210. Ammonium hydroxide produces the same precipitate as 
in the preceding case. Presence of ammonium chloride prevents 
the precipitation. 

211. Alkaline carbonates precipitate manganese carbonate 
MnCOj, or a mixture of carbonate and hydroxide. Ammonium 
carbonate precipitates the manganese completely as pure carbonate 
even in presence of ammonium cliloride. Organic matter intez^ 
feres with the precipitation by alkaline carbonates. 
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312. Bromine water or eodiam hypochlorite added to a man- " 
ganese solution containing an excees of sodium or potassiimi hy- 
droxide or acetate, prodnce a precipitate of manganese dioxide 
when the mixture is heated. 

313. Potassium ferrocyanide precipitates reddish-white roaii-J 
ganese ferrocyanide Mn3Fe{C!N)B, which is soluble in hydros 
chiorie acid. 

214. Potassium ferricyanide precipitates brown mangaseE 

ferrieyanide Mnj[Fe(CN)g]j, which is insoluble in hydrodiloi 
acid, or ammonium hydroxide. 

316> Barium carbonate does not precipitate manganese b 
tions. Manganese sulphate is an exception ; this forms bariumS 
sulphate and manganese hydroxide, while carbon dioxide escapes..! 

216. Commercial Manganese Compounds : 

Spiegel-Eisen is an alloy of manganese and iron. 

Ferro-manganese is practically another variety of spiegel-e 

Black oxide of manganese is the dioxide of the metal ; it i 
often called peroxide of manganese and sometimes " manganese ".1 

Condy's green disinfectant is sodium mangauatc Na^MjiOj. 

Condy's red disinfectant is potassium permanganate K,- 
Mn^Og. 

ManganouE sulphate. 

Maoganous chloride. 

Chbomtuu. 
Blowpipe Tests. 

31T. In a borax bead, chromium compounds color the glass 
green, which is best seen when cold. 

318. Chromium compoundfi, heated with sodium carbonate and I 
nitrate upon platinum foil, produce a yellow mass, which dis-fl 
solves in water on boiling, giving a yellow solution. 

Solution Tesf«. 

319. Hydrochloric acid does not affect solutions of chromium I 
compounds. 

320. Hydrogen sulphide does not affect these solutions. 
221. Ammonium hydroxide precipitates green or bluish chro-l 

minm hydroxide Crj(0 H)^, which is somewhat soluble in an 1 



excess of the precipitant in the cold ; boiling completes the pre- 
cipitation. The precipitate is soluble in hydrochloric acid- 

333. Ammonium sulphide precipitates green or bluish chro- 
mium hydroxide Crj{OH)j, hydrogen sulphide escaping. 

333. Sodium and potassium hydroxides precipitate bluish-green 
chromium hydroxide, which is soluble in an excess of the precipi- 
tant. Long boiling precipitates the alkaline solutions, or addi- 
tion of ammonium chloride will produce the same result. 

324. Alkaline carbonates precipitate basic chromium carbon- 
ate, which is slightly soluble in a large excess of the precipitant. 
It is soluble in hydrochloric acid. 

236. Barium carbonate precipitates basic green, chromium 
hydroxide, but completely only after long standing. 

336. N. B. — Organic matters interfere with the action of hy- 
droxides and carbonates. 

327. Bromine water or sodium hypochlorite added to ehro- 
minm solution containing an excess of sodium or potassium hy- 
droxide, Mid if the mixture boiled, the chromium is converted into 
chromic acid and colors the fluid yellow, 

338. Commercial Chromium Compounds: 
Chrome yellow is lead chromate. 
Chrome orange is basic lead chromate. 

Bichromate of potassium is KgCrjO, ; it is also called Didirom> 
ate. 

Chrome green is chromium oxide, CraOj. 

ZlHO. 

329. Blowpipe tests are of little value. 

Solution Tests. 

330. Hydrochloric acid does not affect zinc solutions. 

331. Hydrogen sulphide does not affect acid zinc solutions, 
but in alkaline solutions it precipitates white zinc sulphide ZnS. 
In presence of organic acids (e. g., acetic) zinc sulphide is also 
formed. 
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332. Ammoniam sulphide precipitates white zinc stilpbide 
ZnS. Ammonium chloride promotes the precipitation. The 
precipitate is insoluble in ammonium sulphide and alkaline hy- 
droxides; it IB Boluble in hydrochloric, nitric and sulphuric acids, 
but is insoluble in acetic acid. 

233> Sodium and potassium hydroxides precipitate white zinc 

hydroxide Zn(OH),, The precipitate is soluble in an excess of 

the reagent. Boiling tliese solutions will precipitate them if they 

are dilute, but aolutionB strong in alkaline hydjoside are not pre- 

I cipitated. 

» Ammonium hydroxide added in small quantity to solu-I 
: zinc gives zinc hydroxide as a pf^cipitate, which is readily 1 
soluble in an excess of the precipitant. Ammonium salts inter- T 
fere with the precipitation. Boiling the diluted solution in am- 1 
mooium hydroxide precipitates the zinc as hydroxide, bnt not in ■ 
presence of ammonium salts. 

235i Sodium and potaseium carbonates give a white preeipi~l 
tate of basic zinc carbonate, which ia insoluble in an excess of thefl 
precipitant. Ammonium salts interfere with the preci^i^tion. 

336. Ammonium carbonate precipitates white basic Sine car- 
bonate, which is soluble in an excess of the precipitant. Boiling 
the dUuted solution in ammonium carbonate precipitates the zinc 
carbonate again. Ammonium salts interfere with this result. 

237. N. B. — Organic matters interfere with the precipitation I 
of the hydroxide and basic carbonate of zinc. 

238. Barium carbonate?;idoes not precipitate zinc solntions. I 
Zinc Bolphate is an exception, 

239. Potassium ferrocyanide gives zinc ferrocyanide Zn^Fe | 
(CN)b as a slimy white precipitate. It is slightly soluble in 
eees of the precipitant, but insoluble in hydrochloric acid. 

240. Potassium ferricyanide precipitates brownish-yellow zinc 
ferricyanide Znj[Fe(CN)|,],, which is soluble in hydrochloric acid 
and ammonium hydroxide. 

241. Commercial Zinc Compounds : 
Spelter is metallic zinc. 
Galvanized iron is sheet iron coated with zinc 
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" Zinc " ia the name often given to the calcined oxide of zinc 

Zinc white is the same as the preceding. 

"White vitriol is zinc sulphate. 

Colorless disinfM^ng fluids are usaally zinc chloride mixed with 

other chlorides such as salt. 

Aluminium. 
Blowpipe Test. 

242. Heated on charcoal, alnminium componnds give white 
altuniniuin oxide, which, on being moistened with cobalt chloride 
solution and again strongly heated, gives a fine blue mass, ^^ 

^ Solution Tests. ^ 

243. Hydrochloric acid does not aSect aluminium solutions. 

244. Hydrogen sulphide does iM^B^ acid altumnium soln- 
tions. ■ ■ — * 

245. Sodium and potassium hydroridfiB precipitate white floc- 
eulent alonunium hydroxide Alg(OH)a, which is soluble in au 
exCQU flftfttB precipitant. Boiling does not cauae a precipitate in 
the BoIaBBSj but ammonium chloride throws down alum' 
hydroxide in them, especially if heated. 

346. Ammonium hydroxide precipitates aluminium hydro! 
which is slightly soluble in a large excess of the precipita 
Ammonium salts lessen the solubility. Boiling aesists the p 
cipitation. 

247. Ammonium suljffide prodbees the same precipitate as 
ammonium hydroxide, hydrogen sulphide escapii^. 

248. Alkaline carbonates (of K,Na and NH^) precipitate wWte 
basic aluminium carbonate. The precipitates with potassium or 
sodium carbonatea pre soluble in an excess of the latter j but those 
produced by aifflH&niura carbonate only slightly, boiling pro- 
moting the repreoipitation by the latter, 

24B. Barium carbonate precipitates basic alumimnm hydroxide, 
even in the cold. 

3M|* Hydro-disodio phosphate precipitates white bulky alumis- 
ium phosphate AlPO^. The precipitate ia soluble in sodium 
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and potassiTim hydroxides, bnt only very slightly in ammoninm 
hydroxide. Ammonium salts decrease its solubility in ammonium 
hydroxide. Ammoniimi chlojide precipitatei^jke phosphate from 
its solution in sodium or potassium hydroxid^PbAJuminium phos- 
phate is soluble in hydrochloric and nitric acids, but not in acetic 
acid. ^, 

251. Commercial Aluminium Compounds : 
Aluminium bronze contains 10^ of aluminium. 
Alum is a double Adphate of aluminium and ammonium or 
po^gi^mn^ ^ 

is pure clay or aluminium silicate. 

kzuli. ^^ 

imarine. ^W * 

Sapphire. 
Euby. 
Mica. 

Aluminium acetate. |h'^ 
Aluminium sulphate. 
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SEPARATION OF THE MET. 



THE FOURTH GROUP. 



252. As in the previous group, the precipitate must be well 
washed. Prepare some dilute hydrochloric acid {1 of acid to 3 of 
water), and pour it upon the filter holding the precipitate of 
the fourth group. The quantity of acid uaed will depend on the 
amount of precipitate, but one-third of a teat-tube full will usually 
be BufBeient. Hold the funnel over a proeelain dish that is going 
to be used for the evaporation, which follows. If the first pas- 
sage of thft.ftcid through the funnel does not dissolve the whole ot 
the precipitate, retom the fiuid that has run through into the dish 
back to the filter paper again. A second transfer of this kind 
will usually dissolve tils entire precipitate. 

253. The fluid just obtained is now evaporated to dryness very 
carefully. To do this the flame under J;he dish should be a small 
one, and its point just touch the djajij and, as the fluid evapomtee, 
the diflh should be moved arouud, so that the contents aretwt 
constantly spread over the surface. These precautions are nSfSVf* 
aary to avoid overheating the solid matter during the evaporation. 
Ji fact, the success of the followug operations depends upon this 
first step in the separation of the metals of this group. The great- 
est possible care ia also eaeential to prevent the aides of the dish 
that are covered with soljttTeBiduo from being overheated ; hence 
a very small flame ia used. 

254. Ilaving driven off all the flui^jit a gentle heatyallow the 
dish to cool thoroughly. Now add to the residue in the dish 
enouglir ficohol to make it fluid enough to filter, and no more ; in 
other words keep the bulk of the fluid down. Grind the contents 
of the dish with a small pestle or flattened end of a glass rod uotil 
the al^^hol has been very intimately mixed with the residne,^ 
Allow the insoluble matter, if any, to settle, pour oS the fluid 
through a small fllter that has been moistened with alcohol, not 
wat^ into a clean test-tube. Put upon the insolnble matter in the 
dish asotber quantity of alcohol equal to twice the first used, grind 
it vrith the residue again, and pour it through the same filter paper 



oBed previonaly. The insoluble matter i 

treated as follows : 



bariom chloride and i 



265. The residue in tb^lKi or the inBolable matter on the 
filter paper is treated with water, and the solution filtered into # 
clean test-tube. Tliis solution is divided into several parts. To 
one portion add one drop of sulphuric acid ; a heavy white precip- 
itate which is insoluble in hydrochloric acid indicates the presence 
of barium. To confirm this test, dip a clean platinum wire into 
eorae of the water solution, and heat it in the flame of a Bunsen 
burner; a green flame indicates bariuqj. The cleaning of the 
platmuni wire is a very important matter or the color of the flame 
.will be of no value. To clean snch a'Wire, place a few drops of 
'hydrochloric acid in a watch^ass, heat the wire4ed hot and 
plunge it into the aoidi repeating the operafion till the wire will 
not color the flame wlm.lieatGd in it. 

Ab a still further pPoof of the preBafefefe of barium, the water 
solution of barium chloride may be tested' with a drop or two of- 
potaesium dichromate, when a yellow precipitate indicates barium. 

356. We now t.3.ke up tile alcoholic solution obtained by treat- 
jjifg the residue in the dish To this we add sulphnrio acid (10 
drops will do), shake the mixture well and filter. The acid pre- 
cipitates strontium and calcium, and the filtrate may be reject^/ 
as it contains nothing that we want. Drain the precipitate from wt-* 
fluid that adheres to it, break a hole through the filter pap^ with 
a glass rod, and wash the precipitate ifitO a clean test-tube with as 
little water as possible. In another ttit-tube make a solution of 
ammonium sulphate by talring forty drops of snlphuric acid, four 
times tlie volume of wattr, and adding to this mixture ammonium 
hydroxide till it smells strongly of the latter. Shake the mixture 
thoroughly well as the ammonium hyddsJde is added, eatt at last 
add to the mixture one-fourth of its vSmme more of ammonium 
hydroxide. The fluid so prepared is now put upon the precipitate 
obtained with sulphuric acid, from the alcoholic solution above. 
Boil the precipitate with the ammonium sulphate solutionfor some 
minutes, taking care not to make it boil over. A gentle boiling 
all that is needed. Filter out the insoluble matter. 



357. The sulphate insoluble in the ammonium sulphate c 
tains Btrontinm if present, and its presence may be detected 1^ ~ 
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heating some of the precipitate, moistened with hydrochloric acid, 
on a platinum wire in a Bunsen flame. The same care about a clean 
wire 18 necessary here as was in the case of barium. It is also nec- 
essary to know the color of the flame given by strontium. It is of 
ahright red tint, and this is brought out by the use of hydrochloric 
acid on tlie wire with the precipitate. Calcium gives a flame that 
is very much like that of strontium, but yellowish-red ; a little 
experience with the two will soon serve to tell the difference. 

35S. In the filtrate from the sulphates boiled with ammonium 
sulphate we test for calcium by adding ammonium oxalate. A 
fine white precipitate indicates the presence of calcium. The only 
precaution necessary here is that the fluid must be made alkaline 
with excess of ammonium hydroxide. 

The reasons for the various operations for the separation of the 
metals of the fourth group are as follows : 

259. The precipitate obtained on adding ammonium carbonate 
to the filtrate from the third group of metals consists of the 
carbonates of barium, strontium and calcium. The presence of 
ammonium chloride in the fluid serves here also, aa in the third 
group, to prevent the precipitation of magnesium carbonate by 
ammonium carbonate. The fluid also contains ammonium hydrox- 
ide in excess, as this is essential to the preeipation of the barium, 
strontium and calcium as carbonates by ammonium carbonate. 

360. The precipitate, deprived by washing of any metals of 
the fifth group, is treated with hydrochloric acid, and the car- 
bonates become chlorides of barium, strontium and calcium. 
These chlorides in solution are obtained in a dry condition 
by evaporation of the fluid, and great care should be taken 
that they remain as chlorides throughout this operation. The 
danger is in overheating them as they dry on the sides of the 
dish. If tliey are overheated they become oxides of the metals of 
the fourth group and do not respond to the treatment for their 
separation. 

361. The dry chlorides must be allowed to cool or the alcohol 
will evaporate if it is placed in the hot dish. The treatment with 
alcohol gives a solution of the strontium and calcium chlorides, 
which are soluble in it, while tlie barium chloride remains behind, 
insoluble. Hence it is important that all the metals should be in 



ike residae as chloridee and not ondeB, which latter are not BolaU 
in alcohol. 

262. The bariam chloride is insolnble in alcohol, but it ie readily 
soluble in water. The precipitate obtained with sulphuric acid 
in the water solution is barium sulphate, which is insoluble in 
hydrochloric acid. The yellow precipitate obtained with potaeBinm 
dichromate is barimn chromate. 

263. In the filtrate containing the chlorides of strontinm and' 
calcium in alcohol, we precipitate both metals as sulphates when 
we add sulphuric acid. As this precipitation of the sulphates is 
complete, the fluid contains nothing except an excess of sulphuric 
acid, alcohol and water. The precipitated sulphates are boiled 
with ammoninm sulphate and ammonium hydroxide, a mixture 
that has the power of dissolving out the calcium sulphate, leaving 
the strontium sulphate insoluble. The calcium sulphate is not 
very soluble in the ammoniacal mixture ; it ie therefore not neces- 
eary to boil until the solution clears, even if only calcium aul- 
pliate is present. Hence a precipitate of calcium sulphate may he 
obtained which will not entirelj^'dissolve in the ammonium sulphate, 
and the beginner may think it is strontium sulphate that he has 
oaihe filter paper, when it is only some of the calcium sulphate 
■which the ammonium sulphate solution has not dissolved because 
of an insufficiency of the latter. But there is always enough of 
the calcium sulphate that goes into solution to give the test ft 
calcium if that metal is present. 

264. The filtrate from the insoluble sulphates, which must 
alkaline, is mixed with ammonium oxalate, which gives a precipi- 
tate of calcium oxalate if calcium is present ; a very characteristie 
test for this metal. The precipitate is fine and white. It is 
soluble in acetic acid, but dissolves in hydrochloric acid. 

265. In testing the precipitate of sulphate upon the filter papw^l 
tlie only thing to remember is that it may contaiin both calcium sul- 
phate with strontium sulphate, unless the first is present in ve^ 
moderate quantities, and this calcium sulphate gives an orange-red' 
flame when heated on the platinum wire. But a little experience 
will soon show the difference between the two colors. Special tests 
for strontium are also made in cases of doubt. (See 219 ei seq.) 

The operations described above are tabulated in the following 
scheme : 
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CHAPTER IX. 



SPECIAL TESTS FOR THE METALS OF THE FOURTH GROUP 

Babium. 
Blowpipe Test. 

266« In the flame barium componnds give a yellowisli-greeii 

color. 

Solution Tests. 

26 7 • Hydrocliloric acid added to barium solutions in small 
quantity does not affect them, but if the acid is strong and is added 
in large quantity it produces a white precipitate of barium chloride. 
This precipitation is due to the fact that barium chloride is solu- 
ble in water but not in hydrochloric acid. Addition of water to 
the fluid containing the barium chloride precipitate dissolves the 
latter, especially on warming. 

268« Nitric acid produces the same kind of result as hydro- 
chloric acid in barium solutions, the barium nitrate formed dis- 
solving in an excess of water. 

269* Anmionium hydroxide produces no precipitate in barium 
solutions, if the hydroxide is free from carbonate. 

270« Sodium and potassium hydroxides do not precipitate 
dilute barium solutions, but in strong solutions they give a white 
precipitate of barium hydroxide Ba(OH)g, which is soluble on 
adding water. 

27 !• Alkaline carbonates (of K, "Nsl and l^TEL^) give a white 
precipitate of barium carbonate BaOOj, which is slightly soluble 
in anmionium chloride. In acid barium solutions the precipita- 
tion is incomplete, even with excess of carbonate, until the fluid is 
boiled ; this expels carbon dioxide which retains barium carbonate 
in solution. 

272* Sulphuric acid and soluble sulphates give a white pre* 
cipitate of barium sulphate BaS04, which is insoluble in al- 

70 
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Icalies and dilute acids , but dieeoIveB slightly in strong acids, and in 
etroiig solutioaB of ammomum salts not containing sulphuric acid 
or a sulphate. 

273> Calcium sulphate yields barium sulphate, even in very 
dilute solutions. 

374. Hydroflnosilicic acid gives barium siHcofluoride BaSiF, 
as a colorless, crystalline precipitate, which separates best on 
adding to tlie fluid an equal volume of alcohol. It is slightly 
fioluble in nitric and hydrochloric acida. The test is a very 
delicate one. 

275. Sodinm phosphate gives barium phosphate BaHP04 
as a white precipitate, which is soluble in acids. It is slightly sol- 
able in auimonium chloride. 

376. Ammonium oxalate gives white barium oxalate Ba 
CjO^. which is soluble in nitric and hydrochloric acids. It is in- 
eoluble in acetic or oxalic acid unless just precipitated. Both the 
acetic and oxalic acid solution quickly deposits acid barium oxalate 
BaHj(OgO^)j as a crystalline powder. 

377. Potassium chromate and dichromate give yellow bar- 
ium chromate BaCrO^ even in dilute solutions. It is soluble 
in nitric and hydrochloric acids, but insoluble in chromic and 

acetic acids. 

278. Commercial Barium Compounds: 
Barytes is barium sulphate found in nature. 
Permanent white is barium sulphate. 
Green fire is made with barium nitrate. 

Katural barium carbonate (witherite) is said to be used for 
Tat poison. 

Barium chloride. 



Steontium. 

Blowpipe Test. 

379. In the flame strontium compounds give a scarlet-red 
«olor. If the color is seen through blue glass it appears of a 
rose-pink tint 
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Solution Tests. 

280. Hydrochloric acid does not affect strontinm BotutionB i 
even if the acid is strong and in large excess. 

281. Nitric acid behaves like hydrochloric acid. 

382. Ammoninra hydroxide gives no precipitate if the hy- 
droxide is free from carbonate. 

283. Sodium and potassium hydroxides behave very much the 
flame as with barium solutions. 

284. Alkaline carbonate8{of K, Na and NH^) give a white pre- I 
cipitate of strontium carbonate SrCOj. It is soluble in dilute 1 
acids. If the alkaline carbonate is added to an acid solution the I 
precipitation is only complete after boiling. The precipitate is I 
very slightly soluble in ammonium chloride. 

285. Sulphuric acid and soluble sulphates give white stron- 
tium sulphate, SrSO^. Heat assists precipitation. Addition I 
of alcohol to the fluid assists precipitation in the cold. The ] 
precipitate is somewhat soluble in water ; also in nitric and I 
hydrochloric acids. It is insoluble in ammonium sulphate 1 
Bolution. 

286. Calcium sulphate produces the same precipitate as the ] 
preceding. In this case the precipitation takes some time. 

287. Hydrofluosilicic acid does not precipitate strontium eola- 
tions, not even on the addition of alcohol, unless they are concen- 
trated. 

288. Sodium phosphate gives white strontium phosphate I 
SrHPO^, which is soluble in dilute acids. The precipitate is I 

slightly soluble in ammonium chloride. 

28B. Ajnmonium oxalate gives white strontium oxalate 
SrOjO^, which is soluble in nitric and hydrochloric acid. If 
just precipitated it is soluble in oxalic or acetic acid. These boIu- 
tions afterward deposit acid strontium oxalate SrHg(CgO^)g as a 
crystalline powder. 

290. Potassium chromate and dichromate do not precipitate 
strontium solutions. In strong and neutral solutions the chromate 
may give a precipitate, but not in presence of acetic acid. 
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2B1 Commercial Strontiiim Compounds : 
The only compound of importajice is the nitrate, which is 
used for red fire. 

Calcium. 
Blowpipe Test. 
392> In the flame calcium compouiidfi give & reddish-yellow 
color. If the color is seen through a Ijlue glass it appears greenish- 
gray. 

Solution Teste. 
388. Hydrochloric add does notaffect calcium eolutioiu. 

394. Nitric acid behaves like hydrochloric acid. 

395. Ammonium hydroxide does not precipitate calcium solu- 
tions if the hydroxide be free from carbonate, 

296. Sodium and potassium hydroxides behave very much the 
Bame as with barium solutions. 

397. Alkaline carbonates (of K, Naand NH^) give a white pre- 
cipitate of calcium carbonate CaCOg, which is soluble in dilute 
acids. If the alkaline carbonate be added to an acid solution, the 
precipitation is only complete after boiling. The precipitate ia 
slightly soluble in ammonium chloride. 

398. Sulphuric acid and soluble sulphates do not precipitate 
calcium in dilute solutions. In strong solutions, sulphuric acid 
may give calcium sulphate CaSO^, which is soluble in much 
water and in acids. Alcohol assists the precipitation of calcium 
sulphate. The precipitate is readily soluble in ammonium sul- 
phate on boihng. 

399. Calcium sulphate does not precipitate calcium solutions. 

300. Hydrofluosilicic acid does not aSect calcium Bolutions, 
even in the presence of alcohol. 

301. Sodium phosphate gives white calcium phosphate 
CaHPO^, which is soluble in dilute acids. It is slightly soluble 

1 chloride. 



302. Ammonium oxalate gives calcium oxalate CaCgO^ as 
a fine white powder. It is readily soluble in hydrochlorio or 
nitric acid, but not in oxalic or acetic acid. 
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808. PotasfiiiLm chromate and dichromate do not affect cal- 
dmn^ solutions. 

304. Commercial Calcinm Componnds : 
Lime is calcinm oxide ; it is sometimes called quicklime. 
Slaked lime is calcium hydroxide. 

AirHslaked lime is a mixture of calcium hydroxide and car- 
bonate. 
Chalk is calcium carbonate. 
Plaster of Paris is calcium sulphate. 

Land plaster is calcium sulphate with water of crystallization. 
Bone ash is calcium phosphate. 

Bone black is a mixture of calcium phosphate and carbon. 
Chloride of lime is calcium hypochlorite and chloride. 
Bleaching powder is the same as the preceding. 



CHAPTER X. 



SEPARATION OF THE METALS OF THE FIFTH GROUP. 

305. This group of metals is contained in the filtrate obtained 
from the pi^eeipitate of the fourth group of metals. It contains 
all the reagents that have beeu need to precipitate the metala 
of the preceding groups. It will be remembered that we have 
added to it hydrochloric acid, hydrogen sulphide, ammomum 
chloride, ammouinm hydroxide, ammonium sulphide and am- 
monium carbonate. From the fact that we have added the am- 
monium hydroxide to more than nentralize the hydrochloric acid 
first added, the fluid is now alkaline. 

306. If the original material contained ammonium com- 
pounds, these could not now be detected in this filtrate, because 
we have also added these as we have proceeded with the analysiB. 
"We must therefore teat for ammonium compounds by taking 
Bome of the original material, and before we have added anything 
to it. This original material is mixed with sodium hydroxide 
in excess, in a test-tube ; the top of the tube is closed with the 
thumb, and the contents gently warmed. By placing the tube 
under the nose and removing the finger, the odor of anmionia 
gas will be noted and indicates the presence of ammoninm com- 
pounds. 

307> The filtrate containing the metals of the fifth group is 
divided into two parts, one a small quantity and the other the 
balance of the fluid. 

308> To the smaller portion disodiumorthophosphate is added. 
If this gives a fine crystalline preciptate, it is magnesium ammo- 
nium phosphate, and indicates the presence of magnesium of the 
fifth group of metals. Sometimes a Hght, flocculent precipitate 
is obtained at this point. This may be aluminium phosphate ; 
but if it is allowed to settle, then shaken up with a little water, 
allowed to settle again and the water poured off, it will be 



found to be solnble in sodimu hydroxide if it is alnnuninm phoB-J 
phate. Magnesium-ammonium phospliate is insoluble in eodium ' 
hydroxide but becomes magnesium hydroxide, and flocculent. 

309. The larger portion of the finid (307) is evaporated to J 
dryness, care being taken to avoid loss by epattering. The dish is ' 
Tery gradually heated over the flame, and kfipt at a good heat 
until no more white fames are seen, when the flame is removed 
for a moment. This causes the ammonium compounds to be 
decomposed and driven off. J 

310. Having expelled all volatile matter, allow the dish to 1 
cool, and then dissolve the residue in a little water. Filter the i 
fluid through a very small filter into a clean test-tube. Test 
some of the filtrate on a clean platinum wire in the Bunsen flame. 
A yellow flame indicates the presence of sodium, A lilac-colored 
flame indicates the presence of potassium, i 

311. If sodium is found by the flame test, there is no evi- 
dence that potassium is absent or present, becanae the yellow 
color of the sodium flame is so intense that it covers the potas- 
sium color, which is masked by the former. In this case, the 
flame may be observed through a blue glass, when the lilac-color 
can be seen and the yellow is cut off. In order to prove the pres- I 
ence of potassium, we put two or three drops of the fluid 310 
into a watch-glass, and add to it two or three times its volume of 
platiuic chloride, stirring the mixture with a glass rod. A fine 
yellow precipitate of potassium-platinum chloride {octohedra under 

a lens) indicates the presence of potassium in the fluid. 

312. If much magnesium is present, and the solution containing 
the sodium and potassium, after heating, is concentrated, it is best to 
addenoughrailkof lime to it to make it alkaline to red litmus paper; 
then warm it, and filter. This precipitates the magnesium as hy- 
droxide. To the filtrate from the milk of lime ammonium car- 
bonate is added ; it is gently warmed, and then filtered. This filtrate 
is evaporated to dryness and heated to ctpel ammonium salts, as 
explained above. The residue may now be dissolved in water 
and tested for sodium and potasainm, as in 311. This whole 
procedure may be omitted in a large majority of cases ; for if only 
a moderate quantity of magnesium is preeeat with the sodium 
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potassium, it will be made insolnble by heating (S09), and little 
of it will paaa into solution when the ignited residue is treated 
with water. A strong aolotion of magnesium chloride wUl give a 
precipitata with platinnm chloride that resembles the potasBiam- 
platinum salt. 

The reasons for the method of procedure with the fluid contain- 
ing the metale of the fifth group are as follows : 

313. The alkaline filtrate is in the proper condition for the 
precipitation of magnesium with disodium orthophosphate ; we 
therefore take a small portion of it to make the test. The precipi- 
tate ia a very characteristic one, and will readily be recognized 
after first acquaintance. 

314. As the filtrate contains a large quantity of ammomum 
salts which we have added in the course of the separation of the 
metals of the first four groups, and as these ammonium salts inter- 
fere with one of the tests for potassium, we have to remove them 
before we can proceed. As all ammonium salts are volatile when 
heated, the evaporation of the balance of the filtrate not used for 
the magnesium test, and the heating of the dry residue, give us a 
method of removing them without interfering with the sodium 
and potassium compounds present, which are not volatile when 
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31St The testing of the water solation of the residue in the 
fiame tells us if either sodium or potassium is present. But if 
sodium is present, potassium may also be with it and its color in 
the flame be masked by the bright yellow of the former metal, A 
piece of blue glass will often cut off the yellow flame of sodium 
and reveal the lilac color of potassium, but the teat with platinum 
chloride should always be appHed to make sure of the presence of 



316. Platinum chloride gives, with ammonium salts, a fine 
yellow precipitate of ammoninm-platinum chloride, which it is 
practically impossible to distinguish from the potassium com- 
pound by its appearance. It is therefore exceedingly important 
that all ammonium salts should be expelled by heat before making 
the test with platinum chloride as explained above. The white 
fames obtained, when heating the residue from the evaporation of 
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the flnid contaming the fifth group is a guide as to the expulsioa 
of ammonium salts ; when the fumes cease, all these salts have 
volatilized. 

8 1 7. The test for ammonium compounds made on the original 
material with sodium hydroxide depends on the fact that all am- 
monium salts are decomposed, and ammonia gas is evolved when 
they are heated with alkaline hydroxides. If the nose is not 
sensitive to small quantities of ammonia, moistened red litmus paper 
should be held over the mouth of the test-tube so that the vapors 
pass it ; it wiU be turned blue if ammonia gas is evolved. 

The above course of procedure is tabulated in the following 
scheme : 
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CHAPTER XI. 



SPECIAL TESTS FOR THE METALS OF THE HFTH GROUP. 

Magnesium. 
The blowpipe test for magnesinn] is of little valne. 

Solntion Tests. 

Hydrochloric acid does not affect magnesimn solutions. 
Nitric acid does not affect magnesinm solutions. 
Hydrogen sulphide does not affect magnesinm solutions. 

818« Ammonium hydroxide precipitates part of the mag- 
nesium froni its solutions as hydroxide, Mg(0H)3. The precipi- 
tate is soluble in ammonium chloride, and this latter fact con- 
stitutes the reason for the addition of the ammonium chloride in 
the Qourse of systematic analysis. 

819* Alkaline hydroxides (of K, Na, Ca and Ba) give a precipi- 
tate of magnesium hydroxide, Mg(OH)g. Boiling promotes the 
precipitation. Ammonium chloride dissolves these precipitates 
if they are separated from the fluid and washed. 

320« Ammonium carbonate does not precipitate magnesium 
solutions unless they are allowed to stand for some time. Strong 
Bolutions may be precipitated. The precipitation is prevented by 
ammonium chloride, except in strong solutions. 

321. Alkaline carbonates (of K and Ka) give a precipitate of 
basic magnesium carbonate,. iMgCO 3, Mg(0H)3, but some of the 
magnesium remains in solution until the fluid is boiled, when a 
further precipitation takes place. Ammonium chloride in quan- 
tity prevents this precipitation, and also dissolves the precipitate 
if it is separated and washed. 

322. Disodium orthophosphate gives a precipitate of hydro- 
magnesium phosphate MgHPO^ as a white powder. This is 
formed in absence of ammonium salts. 

80 
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323. Ammonitim chloride and ammoninm hydroxide, added to 
a magnesium solntion and followed by diaodium orthophoaphate, 
give a precipitate of magnesium-ammonium phosphate, MgNH^ 
POj, which IB crystalline and very characteristic. In very dilute 
Bolations it Beparates elowly, and stirring promotes its formation. 
"Water and ammonium salts dissolve the precipitate very slightly, 
"Water with ammonium hydroxide does not dissolve it, but acids, 
«ven acetic acid, dissolve it. 

334* Ammonium oxalate does not precipitate dilute solutions of 
magnesium, but in strong solutions ammonium-magnesium oxalate 
is formed. Ammonium chloride with ammonium hydroxide inter- 
ieres with this precipitation, but does not prevent it. 

Sulphuric acid does not affect magnesium solutions. 

Hydrofluosilicic acid also does not affect these solutionB. 

Potassium chromate produces no precipitate. 

825. Commercial Magnesium Compounds : 

Epsom salt is magnesium sulphate. 

Magnesia is magnesium oxide. 

Magnesia alba is also magnesium oxide. 



Magnesia ponderosa is niagnesi 

compact kind. 

Light carbonate of magnesia 



bonate and hydroxide. This is sometimes called magnesia li 



Heavy carbonate of magnesia 



The 



um oxide of a denser and more 



a mixture of magnesium ear- 



also a mixture of carbonate and 
hydroxide. This is sometimes called magnesia ponderosa. 

Dolomite is a variety of marble contaioiug magnesium car- 
Ixinate. 

Asbestos is a magnesium silicate. 

Talcum, meerschaum and serpentine are also silicates of this 
metal. 

" triple phosphate " found in urine is ammonium-mag- 
1 phosphate. 

Potass luM. 
Blowpipe Test. 
S26. In the flame potassium gives a ILlAC-colored tint. 

Solution Testa. 

32T. Fktinnm chloride produces in acid or neutral soIntioDS of 

potaeeiom a fine heavy precipitate of potassium platinic chloride, 
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KgPtClj. It consists of microscopic octohedra which are ahnost 
insoluble in water, quite so in alcohol, and the solubility of which 
is not promoted by acids. The test is best made in a watch-glass, 
and stirring promotes the precipitation. Alkaline solutions are 
made acid by carefully adding hydrochloric acid before adding 
the platinum chloride. 

828. Sodium acid tartrate gives potassium acid tartrate, KHC4 
H4OJ, as a white crystalline precipitate. Stirring promotes the 
precipitation, which is best made in a watch glass. Alkaline hy- 
droxides dissolve the precipitate ; it is also soluble in acids. There- 
fore acid solutions should be nearly neutralized with sodium car- 
bonate before this test is applied. 

829« Tartaric acid produces potassium acid tartrate the same 
as with sodium acid tartrate. 

330. Commercial Potassium Compounds: 

Caustic potash is potassium hydroxide. Is sometimes called 
" potash." 

Potashes are impure potassium carbonate and hydroxide from 
wood ashes. 

Pearl ash is purified wood ashes, and is a potassium carbonate. 

Salt of tartar is potassium carbonate made from argols. 

Saltpetre is potassium nitrate. Is sometimes called ^' nitre." 

Cream of tartar is acid tartrate of potassium. 

Soft soap is potassium soap. 

Kochelle Salt is double tartrate of potassium and sodium. 

Hepar sulphuris or liver of sulphur is a mixture of potassium 
sulphides. 

SODIDM. 

Blowpipe Test. 

83 1 • In the flame, sodium compounds give an intense yellow 
color. A piece of cobalt blue glass entirely cuts ofE this color of the 
flame. This is the most important test for sodium compounds. 

Solution Tests. 

882« Sodium solutions do not give any precipitates with 
platinum chloride, tartaric acid or acid tartrate of sodiunL 



883. Commercial Sodinm Compounds: 

Common or table salt ib Bodium chloride. 

Soda used for washing is sodium carbonate with crystal water 
Is eoraetimes called " soda crystala. " 

Sal Boda is another name for waahing soda or sodium car- 
bonate crystals. 

Caustic soda is sodium hydroxide. 

Soda ash is crude eodium carbonate. 

Glauber's salt is sodium sulphate with crystal water. 

Chill saltpetre is eodium nitrate. 

Sodium hyposulphite is sodium thioBulpbate. 

Phosphate of soda is disodium hydrogen phosphate. 

Borax ia sodium pyroborate. 

Water glass is sodium silicate in strong solution. 

Salt eake or nitre cake is sodium sulphate. 

Amhoxidm. 
Blowpipe Test. 
334> All ammoniom compounds are volatile when oeated in 
the flame. 

Solution Tests. 

335. Alkaline hydroxides (of K, Na, Ca or Ba), when mixed 
■with ammonium compounds, either solid or liquid, and warmed, 
cause the evolution of ammonia gas, which is recognized by its 
odor or its action on teat papers. 

336. Platinum chloride gives a fine yellow precipitate of am- 
monium platinic chloride (NH^)jPtClj. It consists of micro- 
scopic octoLedra. The precipitate is exceedingly like the potas- 
eium compound in appearance. 

33T> Sodium acid tartrate gives a precipitate of ammonium 
acid tartrate NH^HC^H^O,. Stirring and shaking promote the 
precipitation, 

338* Tartaric acid gives the same precipitate as sodium acid 
tartrate, but only in strong solutions, 

339> Nessler's solution added to a solution of ammonium salts 
gives a reddish-brown precipitate Hg j NH j 01, In very dilute solu- 
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tions only a yellowish brown coloration is produced. The test is 
extremely delicate and is used in water analysis. For J^essler's 
solution see 6e. 

340* Commercial Ammonimn Compounds : 

Gkis liquor is a water solution of ammonium carbonate, sul- 
phate and sulphide from the gas-works using soft coaL A sim- 
ilar fluid is obtained in making boneblack. 

Sal ammoniac is ammonium chloride. 

Ammonia or spirits of hartshorn is a solution of ammonium 
hydroxide. 

Carbonate of ammonia is a mixture of carbonate and carbamate* 
This is sometimes called " sal volatile." 

Anmionia used in fertilizers is present as sulphate. 



SEPARATION AND DETECTION OF THE ACID RADICALS OR 
ACIDS. 

841. The words " acid radicals" are intended to convey to 
the mind the idea of that part of the formula of a salt re- 
maining after the metal has been taken away. It must not be 
supposed that the combinations thus left have any existence ; they 
only represent the salt formula from which the metal was re- 
moved. Thus, if we take the metal away from the formula of 
any sulphate, we have SO4 left, and this is the so-called radi- 
cal of sulphuric acid. Again, if we take the metal away from 
the formula of any nitrate, we have NO3 left, and this Is the 
radical of nitric acid. Or, in the caae of any chloride, if we 
take away the metal we have left only 01, which is the radical 
of hydrochloric acid. In the case of any bromide we have Br 
left, and so on. Therefore we shall study the properties of the 
various acid radicals in the succeeding pages of this volume, 
looking upon them aa the representatives of the salts of the 
metals. 

As in the ease of the metals, we shall treat only of those acid 
radicals which are common, and which serve as illustrations of the 
methods of procedure. 

342. The substance or solution is assumed to contain one or 
more of the following acid-radicals : 



S 

01 

fir 

I 

F 

NOs 

010a 

BO, 

00, 

CrO* 

PO4 

AsO, 



of 



sulphides. 

chlorides. 

bromides. 

iodides. 

fluorides. 

nitrates. 

chlorates. 

borates. 

carbonates. 

chro mates. 

phoepliates. 

arsenites. 



AsO, 

SO4 

S0» 

SiO, 

ON 

re(CN). 

FefON^ 

c,o, 

C,Il40a 
CglljOt 
C^HaO, 



of 



sulphites. 



cyanides. 

ferrocyanidea. 

ferri cyanides. 

oxalates. 

tartratea. 

citrates. 

acetates. 
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The method of procedure for their detection is aa follows : 

343. IJ^ the material is a fluid, evaporate half of it 
carefully to dryness, avoiding overheating. The solid residue is' 
submitted to the following tests, using a Bmall and fresh portio?i 
for each experiment. If the material is a soUd it may be used 

at once. 

344. A.— Heat on charcoal before the blowpipe. 

The substance deflagrates : indication of the preseni 
of nitrates or chlorates or both. 
The substance carbonises : indication of an organic ai 

345* B. — If the substance deflagrates on charcoal, put a little 
of it upon the surface of a few drops of sulphuric acid in 
a watch-glass. A yellowish -brown color and a chlorous 
odor indicate chlorates. 

346> C. — If the substance defiagrates on charcoal, pnt a littlM 
of it into a test-tube, add sulphm-ic acid, and then poui 
upon the top of the mixture a strong solution of ferroua 
sulphate. A dark brown ring at the junction of the two 
fluids indicates nitrates. 

347. In the two last tests the color due to the presence of 
chlorates or nitrates may be completely maBked by a deep brown . 
color from iodides, or an orange-red color from bromides, if either 
of them are present. To test for nitrates or chlorates in presence 
of iodides or bromides, the following methods are used ; 

348. For nitrates. If ammonium salts have been found while 
testing for the metala, boil some of the original material (solution 
or solid) with excess of sodium carbonate until it is almost reduced 
to dryness, to expel ammonia. To this fluid now add a little water, a 
few drops of sulphuric acid until it is acid to test paper, a drop or 
two of copper sulphate and then a piece of sheet zinc. Allow the 
action to go on for five minutes ; and if there is not a brisk action, 
add a few more drops of acid. This will convert the nitrates 
into ammonium compounds, and if sodium hydroxide in excess is 
added to some of the mixture poured into another tube, the odor 
of ammonia gas will be noted on warming. This is an indication 

the presence of nitrates. 
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349. YoT ehl^>rates. To a solution of the original material add 
nitric acid in excess and then eilTer nitrate until it will produce no 
more precipitate. This will precipitate all chlorides, bromides, 
iodides, cyanides, f errocyanides, ferricyanidea and eulphides, FBter 
ont the precipitate and reject it. To the filtrate add sodium car- 
bonate in slight excess, boil and filter. This will precipitate any sil- 
ver that may be present, and the tiltrate will contain the chlorates if 
they are present. Add excess of sulphuric acid to the filtrate, 
then a drop or two of copper sulphate and a piece of sheet zinc. 
Allow the action to go on for five minutes, and if it ia not hrisk, 
add a few more drops of sulphuric acid. Pour off the fluid fixini 
the zinc, add to it a few drops of nitric acid and then silver nitrate, 
A white precipitate, soluble in excess of ammonium hydroxide, 
indicates the presence of chlorates. The chlorates do not give a 
precipitate with silver nitrate, but the zinc and sulphuric acid re- 
duce them to chlorides, which give a precipitate. 

350. D. — Put a little of the substance into a test-tube and pour 
upon it dilute hydrochloric acid (1 in 3). If a gaa is 
given off, note its odor. 

If it has the odor of hydrogen sulphide, sulphides are 
preaeiit. 

361> If it has the odor of burning sulphur, it indicates the 
presence of s-ulphites. 

352. If it has the odor of hydrocyanic acid, q/anides are 
present. 

363. If it has no odor, it is probably carbon dioxide. Inthia 
case take some clear lime water and pour the c/as from the 
test-tube into it, shaking the lime water. The formation 
of a white precipitate indicates the presence of carhonaieH. 

K. B. Always apply the lime water test, even when an odor of 
other acids is obtained. 

354. There are several precautions necessary in applying the 
testa under D. In the first place, the dilute hydrochloric acid 
must be free from odor before it is put upon the substance to 
be tested. To secure this freedom from odor, the strong acid 
is mixed with the water in a teet tube, and the mixture is well 
shaken, until, on applying the nose, no odor is detected in the tube. 
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This ifi especially necessary in the detection of snlpUtes and 
cyanides. The second precaution to be taken is, in testing for 
carbon dioxide, that none of the acid fluid falls into the lim& 
water when the gas is ponred into the tube. 

855* E. — Mix some of the substance to a paste with sulphuric 
acid in a watch-glass, and test a portion of the mixture 
in a blowpipe flame on a platinum wire which has been 
moistened with strong glycerin. A flame having a leaf- 
green border indicates horatea. The test is very delicate, 
but the duration of the color is very short. In presence 
of copper and barium, apply this test to some of the 
solution, see 370« 

856* F. — ^Put some of the substance into a test-tube and add a. 
few drops of alcohol to it, then pour into the mixture & 
few drops of sulphuric acid, warm it, and note the odor^ 
An odor of acetic ether indicates acetates. If acetates 
are present, a carbonizing of the substance will have 
been noted in 344. 

85T« G. — Mix the substance with sulphuric acid in a watch- 
glass and set it aside for ten minutes. Wash out the 
mixture with water and note if the surface of the glass 
has been roughened where the mixture was in contact 
with it. The effect is best seen by drying the glass and 
then breathing upon it. Such roughening indicates the 
presence oi fluorides. 

Care should be taken that the glass is not rough before 
testing in it. 

858* H. — ^Mix the substance with enough nitric acid to turn 
blue litmus paper red and then dry the mixture. To the 
residue add nitric acid again, warm it gently and add 
water to this mixture ; if there is any matter that remains 
insoluble in water after stirring, it is silica, and indicates 
the presence of silicates. Test the insoluble matter in the 
Imodium metaphosphate bead, see 482* 

859* Add to the solution of the substance (or boil the solid 
with) a solution of sodium carbonate (1 in 5) until it is decidedly 
alkaline to red litmus paper. Boil for some minutes and filter 



the fluid while it is hot. Test the precipitate, or insoluble, if any 
for silicates, fluorides and phosphates. TJee the aolntion for 
the following tests, taking a separate quantity for each. 

860> a. — To the solntion add nitric acid until it is acid to teBt 
paper. Then add sUver nitrate. A white curdy pre- 
cipitate indicates the presence o£ either chlorides, bro- 
mides, iodides, cyanides, ferroeyanides, ferricyanidea or 
sulphides, or all of them. No precipitate with silver 
nitrate indicates the absence of these radicals. 

Having added an excess of silver nitrate to the acid 
eolntion, to be sure that no more precipitate is obtainable, 
shake the mixture well and allow the precipitate to 
settle. Pour off the fluid and reject it. Shake the 
precipitate with a Kttle water, allow it to settle and ajj;aia 
pour ofl: the fluid and reject it. To the washed precipitate 
add ammonium hydroxide, shake well and filter. 

The insoluble matter may contain silver iodide, bro- 
mide, ferroejanide, or sulphide, or all of these. 

The solution may contain silver chloride, cyanide or 
ferricyanide, or all of these. Now add nitric acid to the 
solution until it reddens blue litmus paper, when a pre- 
cipitate of the three last silver compounds will be ob- 
tained, or of any one of tliem, if they are present. If a 
precipitate is not obtained, they are not present. 

If the precipitate is entirely soluble in ammonium 
hydroxide, one or all of the last three silver compounds 
may be present. 

In case a portion of the silver precipitate is Bolnble and 
another portion insoluble in ammonium hydroxide, all of 
them may be present, and all the testa given below must 
be made. 

, 6. — Add hydrochloric acid until just acid to litmus paper. 
In a separate test-tube, generate a little chlorine gas, with 
hydrochloric acid and potassium chlorate. Pour a Utile 
of this gas into the acid fluid previously prepared, and 
shake the mixture. A dark brown fluid, a few drops 
of which gives a deep blue color with cold starch paste 
indicates the presence of iodides. 



862. c. — If iodides have been found in S, add carbon diBnl- 
phide, and then hydrochloric acid in excees. To this 
fluid add sodium hypochlorite, drop by drop, shaking 
the mixture, and tteepiug it acid. In presence of 
iodides, the carbon disulphide is first colored violet 
by separated iodine, and, as the hypochlorite is added, 
this color is bleached out, or it gives place to a yellow- 
brown color of separated bromine, which indicates; 
hroniidea. Extreme care is necessary to avoid ad( 
too mnch hypochlorite, but the test is a very good one. 

363. d. — If the precipitate in a is partly or entirely solnble in 
ammonium hydroxide, chlorides and cyanides may bo 
present. To determine if chlorides are present (cyanidesJ 
are found in 350), wash and dry some of the precipitate' 
soluble in ammonium hydroxide (reprecipitating it with 
nitric acid, see 360), and melt it in a small porcelain 
dish. Silver cyanide is decomposed, while the chloride 
is not affected. After cooling, add a little water to the 
dish, and place in contact with the melted precipitate a 
piece of zinc, adding sulphuric acid until a brisk action 
takes place. This converts the silver chloride into silver, 
and zinc chloride is formed in solution. After a few 
minutes, filter, add nitric acid to the filtrate, and then 
silver nitrate- A white precipitate, soluble in ammon- 
inm hydroxide, indicates chlorides. 

364. e. — Add excess of hydrochloric acid and then ferrous 
sulphate ; a blue precipitate indicates the presence of 
yerriet/anides. 

365. /.—Add excess of hydrochloric acid and then ferric 
chloride ; a blue precipitate indicates ^errot^anitfer- 

N. B. — No test is required here to determine the presence of 
cyanides; these should have been fomid already in 352. 

366> g. — Add hydrochloric acid in excess and boil (solution 
should be acid after boiling), and then barium chloride ; 
a white precipitate indicates the presence of sulpkatea. 
36?t k. — If the solution 359 is yellow, add excess of acetic acid 
and then lead acetate ; a yellow precipitate, soluble 
Bodimn hydroxide, indicates ckromates. 
If the solution is not yellow, chromates 




B absent. ^^^H 
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868. i. — Add nitric acid in excess and boil the mixture. Add 
a few drops of tliis mixture to molybdic solution and 
warm; a yellow precipitate indicates j?ho8phates. 
369> N. B.^ — If arsenic has been found when testing for the 
metals, a teat must be made to determine if araenie acid is present. 
In this case add excess of nitric acid to the solution 359 and then 
silver nitrate until it gives no more precipitate. Filter out this pre- 
cipitate, if any, and reject it. To the filtrate add ammonium 
hydroxide in such a manner that it floats upon the surface of the 
fluid. A reddish-brown precipitate at the junction of the two fluids 
indicates arsenates. A yellow precipitate here indicates arsenites. 
If arsenates are found, the yellow precipitate (368) may contain 
this acid radical. In this case add to solution 359 an excess of 
hydrochloric acid, then heat to uear the boiling point and pass 
hydrogen sulphide. Continue passing the gas and wanning the solu- 
tion for five minutes ; this will precipitate the arsenic of both arsen- 
ates and arsenites. Filter out the precipitate, add nitric acid, and 
hoii, to decompose hydrogen sulphide. Filter if necessary, add a few 
drops of the filtrate to molybdic solution and warm the mixture ; 
a fine yellow precipitate now indicates the presence of phosphates. 
370. J. — If copper or barium is present, the solution 359 must 
be tested for borates. For this purpose evaporate some 
of it nearly to dryness, add sulphuric acid to form a paate 
and then test with glycerin in the blowpipe flame ; a leaf- 
green bolder to the flame indicates horaies. See 35S. 
3T1> i, — Add hydrochloric acid in excess, and boil (the fluid 
should be acid after boiling), then add dilute sodium 
hydroxide (1 of solution and 4 of water) drop by drop 
until the fluid is just alkaline. To this add calcium 
chloride ; a white precipitate indicates oxalates or tart- 
rates, or both. 

Filter out the precipitate and test the filtrate with 
more calcium chloride to see if precipitation is complete. 
_ The filtrate freed from oxalates or tartrates is rejected. 

The precipitate is washed with acetic acid on the filter 
and the solution passing through is allowed to run into a 
test-tube. If the substance contains potassium, a crystal- 
line precipitate of acid tartrate of potassium may separate 
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in the acetic acid filtrate ; this is allowed to remain* 
The acid is passed through the filter several times to see 
if all the precipitate will dissolve. If it all dissolves, 
only tartrates are present, and on adding dilute sodium 
. hydroxide (see above) to the acetic acid fluid until it is. 
just neutral, calcium tartrate is precipitated again. This, 
latter should be filtered out, partially dried on the filter 
paper and then heated on platinum f ofl. An odor of 
burning grapes indicates taHrates. If tartrates are pres- 
ent, the substance carbonizes on charcoal (see 344). The 
precipitate, insoluble in acetic acid, should be dissolved 
in hydrochloric acid, the solution mixed with an excess 
of ammonium hydroxide, which again gives a precipitate 
of calcium oxalate insoluble in acetic acid, indicating the 
presence of oxalates. 

8T2« I. — Add hydrochloric acid until the fluid is just acid 
to litmus paper. Now boil the mixture for some 
time and test again with litmns paper. If the paper 
turns red, add dilute sodium hydroxide (1 of solution, 4r 
of water), drop by drop, until the fluid is neutral, that is, 
does not change the color of the test paper. Add some 
of this solution to a test-tube full of lime water. If a. 
precipitate is formed, filter it out (it is probably calcium 
oxalate or tartrate), and boil the filtrate ; a precipitate 
indicates citrates. If citrates are present the substance 
will carbonize on charcoal (see 844)» 



CHAPTER Xm. 



SPECIAL TESTS FOR THE ACID RADICALS OR ACIDS. 

NiTKATEB. 

Blowpipe Test. 

373. Nitrates deflagrate when heated on charcoal, before the 
"blowpipe flame. The red-hot coal must be in contact with the 
nitrate. 

Solution Tests, 

374. All nitrates which are not basic salts are soluble in water. 

375. Hydrogen nitrate HNO,, (strong nitric acid) produces an 
intense yellow color when placed in contact with nitrogenous or- 
ganic bodies, as white feathers, wool, skin, etc. Heat promotes 
the action. 

376. Copper, in contact with a nitrate and snJphuric acid, gives 
fumes which, when mixed with air, form red nitrogen tetroxide. 

377. Ferrous sulphate, in strong solution, poured onto amix- 
ture of a nitrate with a large excess of sulphnrie acid, gives a dark 
brown ring at the junction of the two fluids. With traces of ni- 
trate, this color is purplish-brown. Iodides, bromides, chlorates and 
chromates interfere with this test. 

378. Zinc amalgam reduces nitrates to nitrites and, if sulphniio 
acid, potassium iodide and starch paste are added to the fluid, a 
blue color will be obtained. The nitrous acid, set free by the 
Bulphnrio acid, liberates iodine, and this gives the blue color with 
the starch, 

379. Zinc-copper couple (formed by adding a few drops of 
copper sulphate to a solution containing a piece of sheet zinc) and 
sulphuric acid converts nitrates into ammonium compounds. 
After this action has continued for some minutes, the solution 
will give the odor of ammonia gas on adding eoditim hydroxide 
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in excess and wanning. This test serves to detect nitrates im 
presence of chlorates, iodides, bromides and chromates. 

Chlobatbs. 

Blowpipe Test. 

8 80. Chlorates deflagrate when heated on charcoal, before the 
blowpipe flame. The red-hot coal mnst be in contact with the 
chlorate. 

381* Heat converts alkaline chlorates into chlorides, which 
on dissolving give the tests for this latter radical. The heating^ 
is best done on a piece of porcelain. 

Solntion Tests. 

882. All chlorates are soluble in water. 

383* Hydrogen chlorate HCIO, (chloric acid) is rarely seen^ 
but in color and odor it resembles nitric acid. 

384. Snlphnric add in a watch-glass is colored yellow if a 
little chlorate is dropped into it, and an extremely characteristic 
odor is evolved. A little experience is necessary in the recogni- 
tion of this odor, but, when once fairly known, it is the most con- 
venient test for chlorates. In making the test, great care mnst be 
taken not to heat the mixture, as the compound formed is explo- 
sive at a moderate temperature. 

885. Zinc-copper couple (formed as in 379) and sulphuric 
acid reduces chlorates to chlorides. If the action is continued for 
some minutes and then nitric acid and silver nitrate are added, a 
white precipitate, soluble in excess of ammonium hydroxide, is 
obtained. Compare 887. Chlorates do not give a precipitate 
with nitric acid and silver nitrate. In presence of chlorides, 
bromides, iodides, etc., silver nitrate must first be added until it 
will not give any more precipitate, and this precipitate filtered 
out. To the filtrate the above mentioned test with zinc-copper 
couple may be applied. 

Chlosides. 

The blowpipe tests for chlorides are of no value. 

Solution Tests. 

386. Hydrogen chloride HCl is a gas very soluble in water, 
yielding a liquid known as hydrochloric acid. 
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387. Silver nitrate in presence of nitric acid gives a precipi- 
tate of silver chloride AgOl, which is soluble in ammoniom hy- 
droxide and potassium cyanide. It is insoluble in dilute nitric 

acid, melts without decomposing when gently heated, and is black- 
ened on exposure to daylight. 

388. Lead acetate gives a precipitate of lead chloride PbClj. 
It is soluble in a large amount of water, and readily so in boiling 
water. It is less soluble in dilute nitric and hydrochloric acids 
than in water. It is soluble in acetic acid and alkaline acetates. 

389. Mercurous nitrate gives a precipitate of mercuroua 
chloride, HgaClj (calomel). It ie insoluble in dilute nitric and liy- 
drochloric acids. Aqua regia dissolvee it. Alkaline hydroxides 
decompose it. 

380. Manganese dioxide and sulphuric acid in presence of a 
chloride give chlorine gas on heating. The gas may be detected 
with moist litmus paper or indigo solution on filter paper, both 
gf which are bleached. 

391. Sulphuric acid heated with a dry chloride gives hydrogen 
chloride aa a gas, which may be detected by its odor, and the 
white fumes it gives with ammonium hydroxide held over it on & 
glass rod. Insoluble chlorides are not decomposed. 

Bkomideb. 
The blowpipe tests for bromides are of little value. 
Solution Tests. 

392. Hydrogen bromide HBr is a gas very soluble in water, 
giving a fluid that resembles hydrochloric acid. The solution is 
called hydrobromie acid, and turns yellow on keeping, owing to the 
separation of bromine, 

393. Silver nitrate in presence of nitric acid gives a yellow- 
ish-white precipitate of silver bromide AgEr. It is insoluble in 
dilnte nitric acid, but slightly soluble in ammonium hydroxide. It 
is readily soluble in potassium cyanide. It turns gray on exposure 
to daylight. 

394. Chlorine (either as gas or in solution) separates bromine 
from bromides (bnt not from insoluble bromides), and the separated 



bromine colors the fluid yellow. Care must be taken to avoid excees 
of chlorine, as this bleaches out the color, owing to the formation 
of bromine chloride. 

395. Carbon dienlphide (or chloroform) added to a eolation con- 
taining separated bromine disaolves it out of the fluid on shaMng, 
and the carbon disulphide (or chloroform) becomes yellowish- 
brown. 

396. Manganese dioxide and sulphuric acid, in presence of 
bromide produce red vapors of bromine on heating. The rei 
vapors will color starch paper yellow. 

397. Sulphuric acid heated with a dry bromide produces red- 
dish-brown vapors of bromine. Insoluble bromides are not d( 
composed. 

Iodides. 
The blowpipe tests for iodides are of little value. 
Solution Tests. 

398. Hydrogen iodide, HI(hydriodic acid), is a gas very soli 
ble in water, yielding a fluid resembling hydrochloric acid, Thi 
solution turns reddish-brown on keeping, owing to the separatio] 
of iodine. 

399. Silver nitrate, in presence of nitric acid, produces a yello' 
ish-white precipitate of silver iodide Agl. It is insoluble 
dilute nitric acid, very slightly soluble in ammonium hydroxi 
but dissolves in potassium cyanide. It turns black on exposi 
to daylight. 

400. Copper sulphate 1 part, with ferrous sulphate SJ pi 
gives in neutral solutions a precipitate of cuprous iodide CnjI,, 
which is dirty white, A little ammonium hydroxide assists th( 
precipitation. Chlorides and bromides do not affect this result. 

401. Chlorine (either as gas or in solution) separates iodine 
from iodides (but not from insoluble iodides) ; and the separated 
iodine may appear as a brown precipitate, or it will give a red-brown 
fluid according to the quantity separated. Excess of chlorine 
bleaches the flmd owing to the formation of iodine chloride, there- 
fore care must be used not to add too much of the gas. 

402. Starch paste (made by adding to boiling water a lil 
cream of starch made with cold water, and cooling) gives an 




tenBe bine color with separated iodine. Heat destroys the color, 
hence the fluid tested must be cold. 

403. Carbon disulphide (or chloroform) added to a fluid con- 
taining separated iodine di&Eolves it out on ghaking and becomes 
Tiolet. 

404. Manganese dioxide and sulphuric acid in presence of an 
iodide, give violet vapors of iodine on heating. These vapors 
color starch paper deep blue. Insoluble iodides are not decom- 
posed. 

405. Sulphuric acid, heated with a dry iodide, gives violet 
vapors of iodine. Insoluble iodides are not decomposed. 

Ctanides. 

The blowpipe teats for cyanides are of little value. 

Solution Tests. 

406. Hydrogen cyanide HON (hydrocyanic or prosaic acid) is 
a, very volatile, inflammable liquid, which ia soluble in water and 
extremely poisonous. It has a very characteristic odor, somewhat 
like bitter almonds, and its solution in water does not redden blue 
litmne paper. 

407. Silver nitrate, in presence of nitric acid, gives a precipi- 
tate of silver cyanide AgCN. It is insoluble in dilute nitric 
acid, but dissolves in ammonium hydroxide and potassium cyanide. 
This precipitate is decomposed by gentle ignition, producing 
metallic silver, which dissolves in dilute nitric acid. 

40S. Ferrous sulphate with a few drops of ferric chloride, added 
to a solution of a cyanide made acid with hydrochloric acid, and 
followed by sodium hydroxide in excess, if the mixture is heated 
for five minutes, will produce a bluish-green precipitate. This is 
a mixture of ferric ferrocyanide (Prussian blue) and ferrosoferric 
hydroxide. On adding hydrochloric acid to this mixture, the 
hydroxide is dissolved, leaving tl'C blue ferric ferrocyanide. In 
dilute solutions of cyanides the fluid is green after adding the acid, 
but a blue precipitate settles on standing. 

409. Ammonium sulphide (yellow with sulphur) addpff to a 
cyanide until the fluid is yellow, followed by ammomimi hydroxide, 
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gives ammoniam sulphocyanide when the mixture is wanned in a 
dish to expel the excess of ammonium sulphide. If this fluid ia 
now made acid with hydrochloric acid and ferric chloride added^ 
a blood-red color is obtained ; see 20 !• 

Feebooyanidbs. 

410« All f errocyanides are decomposed when heated to red- 
ness. 

Solution Tests. 

41 !• Ferric chloride gives a blue precipitate of ferric ferro- 
cyanide (Prussian blue), Fe4 [Fe (CN) ^ ] 3 , insoluble in hydrochloric 
acid, and decomposed by alkaline hydroxides with separation of 
ferric hydroxide. 

412« Copper sulphate gives a precipitate of copper ferrocya- 
nide CugFe (CN)^, having a reddish-brown color. It is insoluble 
in dilute acids, and decomposed by alkaline hydroxides. 

413« Silver nitrate gives a precipitate of white silver ferro- 
cyanide Ag4Fe (CN)^ which slowly turns blue. It is insoluble in 
dilute nitric acid and also in ammonium hydroxide. It is soluble 
in potassium cyanide, and is decomposed when boiled with ammo- 
nium hydroxide. 

Febbioyanides. 

414. All f erricyanides are decomposed when heated to red- 
ness. 

Solution Tests. 

415. Ferric chloride does not precipitate these solutions. 

416« Ferrous sulphate gives a blue precipitate of ferrous 
ferricyanide Fe3[Fe(CN)g]2. It is insoluble in hydrochloric acid, 
and decomposed by alkaline hydroxides. 

41 1, Copper sulphate gives a yellowish-green precipitate of 
copper ferricyanide Cu3[Fe(CN)g]3. It is insoluble in hydrochlo- 
ric acid. 

418» Silver nitrate gives an orange precipitate of silver ferri- 
cyanide Agg[Fe(CN)g]3. •'•* ^ insoluble in dilute nitric acid, 
and dissolves readily in ammonium hydroxide, and in potassium 
cyanide. 



SlTLFHlDES. 

419. The blowpipe tests for Bnlphides are of little valne, ex- 
cept that many of them give the odor of bamiDg stdphnr when 
heated. 

Solution Testa. 

420. Hydrogen ralphide H^S is an inflammable gas with a bad 
odor, and is soluble in water. The water solution has the odor of 
the gas and turnB blue litmus paper red. The gas and its solution 
in water is decomposed by exposure to the air and contact with 
oxidizing agents such aa chromic, nitric and other oxygen acids, 
and with the halogens. Ferric chloride also decomposes it. In 
all these cases sulphur separates. 

42 1 . Silver nitrate gives a precipitate of silver sulphide Ag, S. 
It is insoluble in dilute acids, alkaline hydroxides and sulphides, 
but is soluble in potassinm cyanide. Boiling nitric acid dissolves 
it, sulphur separating. 

422. Lead acetate gives a precipitate of lead sulphide PbS. 
It is insoluble in cold dilute acids, alkaline hydroxides and sul- 
phides, and also in potassium cyanide. 

423. Sodium nitroprusaide added to a solution of a sulphide 
containing sodium hydroxide, gives a violet red color. This 
reaction is very delicate. 

424. Iron by hydrogen (and free from sulphur) added to a 
mixture containing sulphides, followed by the addition of dilute 
hydrochloric acid (1 to 1), gives hydrogen sulphide mixed with 
hydrogen, and the former may be detected with lead acetate on 
filter paper held in the gas evolved. See 2B. 

ScLFHITKa. 

There are no blowpipe testa for sulphites. 
Solution Tests. 

426. Hydrogen sulphite HgSOg is the solution of sulphur 
dioxide in water. It ie a colorless fluid having the odor of burn- 
ing sulphur, reddens litmus paper at first and then bleaches it. 
Exposure to the air converts this acid into sulphuric acid. 



436. Bariom chloride gives a precipitate of bariom sidpmte 
EaSO,. It is Bolnble in hydrochloric acid, 

427. Silver nitrate gives a precipitate of silver salphite 
AgjSOj. It is soluble in nitric acid. 

438. Hydrogen sulphide decomposes acid solations of sul- 
phites, salphor separating. 

429. Hydrogen chloride (hydrochloric acid) decomposes all snl- 
phites, giving sulphur dioxide as a gas, which is detected by its 
characteristic odor, 

430. Zinc and sulphuric acid in a hydrogen generator, together 
with a sulphite, evolve hydrogen sulphide. The sulphide may be 
detected with lead acetate on filter paper, which it will turn dark 
brown or black according to the quantity. This test is Tery 
delicate. It should be ascertained that the zinc and sulphnric 
acid do not give the test without the snlphite. 

Sulphates. 
Blowpipe Test. 

431. Heated on charcoal with pnre sodiom carbonate, sul- 
phates arc changed into sulphides. If the f need mass is placed on 
a bright piece of silver and moistened with water, on removing 
the mass after a few minutes, the metal will be found colored 
black from formation of silver sulphide. 

Solution Tests. 
433. Hydrogen sulphate H^SO^ is an oily, colorless liquid 
which destroys or carbonizes organic bodies, and unites with water 
with the production of mach heat. 

433. Barium chloride gives a heavy white precipitate i 
barinm sulphate BaSO^. It is insoluble in acids, and is one of thaw 
moat insoluble sulphates known. 

434. Lead acetate gives a heavy white precipitate of lead 8al*-i 
phate FbSO^. It is almost insoluble in water, still more 80 in ' 
dilute sulphuric acid, and is insoluble in alcohol. It is slightly 
solable in dilnte nitric acid and dissolves in hot hydrochloric acid. 
It is soluble in a boiling solution of ammonium acetate or tartrate. , 
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Cabbonates. 

The blowpipe tests for carbonates are of little value. 
Solntion Teats. 

435. Hydrogen carbonate HgCOg is the solution of carbon 
dioxide in water. It has a sweet acid taste and reddens blue 
litmuB paper. 

436. All acids decompose carbonates, giving carbon dioxide as 
a gas. As exceptions to this may be mentioned hydrocyanic 
acid and hydrogen sulphide. Heating may be necessary in some 
cases. The carbon dioxide evolved gives a precipitate when 
passed into lime water. 

437> Barium hydroxide gives a precipitate of barium car- 
bonate BaCOj. It is soluble in acids with effervescence. 

438* Calcium hydroxide gives a precipitate of calcium car- 
bonate CaOOj. It is soluble in acids with effervescence. 

439. Barium chloride gives a precipitate of barium carbonate 
BaCOj. In solutions containing carbon dioxide not combined 
with a metal no precipitate is formed, 

440. Calcium chloride gives a precipitate of calcium carbonate 
CaCOj. In presence of free carbon dioxide no precipitate is 
formed. 

44 1. Carbon dioxide or acid carbonates prevent the formation 
of the red precipitate of ammonium compounds with NeBsler's 
reagent. 



The blowpipe tests for Arsenic apply to arsenites; see 103 
£i seq. 

Solution Tests. 

442. Hydrogen araenite HjAsOj is the solution of arsenious 
oxide in water. This solution is a weak one and turns bice litmus 
paper red. It is a strong poison. 

443. Hydrogen sulphide does not precipitate arsenites until the 
solutions are made acid, when arsenious sulphide As^ S, is formed ; 
see 106. 



102 

444. Ammoninm salphide does not precipitate arsenite solu- 
tions ; but the addition of hydrochloric acid to a mixture of an 
arsenite and ammonium sulphide gives a precipitate of arsenious 
sulphide. 

445. Silver nitrate gives a precipitate of silver arsenite ; see 
101. Its solution in ammonium hydroxide gives a precipitate 
of silver on boiling. 

446* Copper sulphate gives a precipitate of copper arsenite ; 
see 108. Its solution in alkaline hydroxides gives cuprous 
oxide on boiling. 

Arsenates. 

The blowpipe tests for Arsenic apply to arsenates. See 102 
et seq. 

Solution Tests. 

447, Hydrogen arsenate HjAsO^ forms deUquescent trans- 
parent prisms, soluble in water, giving an acid reaction. It is a 
strong poison. 

448. Hydrogen sulphide does not precipitate alkaline or neu- 
tral solutions. See 113. 

449« Ammonium sulphide does not precipitate arsenate solu- 
tions. ; but the addition of hydrochloric acid to a mixture of an 
arsenate and ammonium sulphide gives a precipitate of arsenic 
sulphide AsgSg. Warming greatly assists the precipitation. 

450» Silver nitrate gives a precipitate of reddish-brown silver 
arsenate Ag3 ASO4. See 1 14. The solution of silver arsenate in 
ammonium hydroxide does not precipitate when boiled. Com- 
pare 445. 

451. Copper sulphate gives a greenish blue precipitate of cop- 
per arsenate CUHASO4 only on the addition of an alkaline hydrox- 
ide, in excess of which the precipitate dissolves to a blue fluid. 
Boiling the hydroxide solution does not produce cuprous oxide. 
Compare 446. 

452. Magnesium sulphate, together with ammonium chloride 
and hydroxide, yields a precipitate of magnesium ammoniuni 
arsenate MgNH4As04. See 116. 
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453. Molybdic acid in nitric acid gives a fine yellow precipi- 
tate on warming if a few drops only of an arsenate solntion are 
added to the fluid. This is soluble in ammoninm hydroxide, and 
in this last solution magnesium sulphate with ammonium chloride 
gives a precipitate of magnesium ammoniom arsenate. 

PnOSPHATES. 

There are no blowpipe tests for phosphates. 
Solution Tests. 

454. Hydrogen phosphate HjPO^ is a white crystalline solid 
that readily attracts moisture from the air, giving an acid bat not 
a corrosive fluid. 

455. Barium chloride gives a white precipitate of barium 
phosphate BaHPO^. It is soluble in nitric and hydrochloric 
acids, and slightly so in ammonium chloride. 

456. Calcium sulphate gives a white precipitate of calcium 
phosphate CaHPO^, It is soluble in acids and also in ammonium 
chloride. 

457. Silver nitrate gives a light yellow precipitate of silver 
phosphate AggPO^. It is readily soluble in nitric acid and in am- 
monium hydroxide. 

45S. Ferric chloride added to a solution of a phosphate con- 
taining but little free acid and plenty of sodimn acetate, gives a 
yellowish-white precipitate of ferric phosphate FePOj. It ia solu- 
ble in an excess of the ferric chloride, hence care must be taken 
to avoid this by adding the reagent slowly. 

459. Magnesium sulphate gives a white precipitate of magne- 
sium phosphate MgHPO,. It is soluble in acids, 

460. Magaesium sulphate in presence of ammoninm chloride 
and hydroxide gives a fine crystalline precipitate of ammonium 
magnesium phosphate MgNH^PO^. It is insoluble in ammonium 
hydroxide, and only slightly soluble in ammonium chloride. It 
liissolves readily in acids. The formation of the precipitate is 
promoted by stirring and shaking the mixture, 

461. Molybdic acid in nitric acid gives a fine yellow precipi- 
tate if a few drope only of a phosphate solution are added to the 



^^h 



104 



fluid, and the mixture is very gently warmed. It is insoloble in 
dilnte acids only when molybdic acid is also present. It is aoluble 
in ammonium hydroxide, from which eolation magneeinm snlphata 
with ammonium chloride precipitate ammonium 
phosphate. 
N. B. — Compare thia last test with 369. 

BOBATBS. 

Blowpipe Test. 

462. Borates mixed into a paste with sulphuric acid, and placed 
in a loop of platinum wire which has been moistened with glycerin, 
give a fine grass-green fame when heated in the blowpipe. This | 
color is around the margin of the flame, and only lasts for i 
moment. 

463. Borates made into a paste with water, mixed with potas- 
eium acid sulphate and calcium fluoride (5 of the first and 1 of 
the second), and heated before the blowpipe, give a green color, 
due to boron fluoride. 

Solution Tests. 

464* Hydrogen borate (boracio acid) HjBOs, is a white solid ' 
soluble in water and alcohol. The solutions turn blue litmus 
paper red. If the solutions are evaporated, the bulk of the acid is 
volatilized. 

465. Alcohol, mixed with borates, made acid with sulphuric I 
acid and then ignited, gives a green flame. Use plenty of acid. | 
and allow the action to go on for some time. 

466. Barium chloride, in moderately strong Bolutiocs of I 
borates, gives a precipitate of barium borate, BaB,0^. It is Bola-| 
ble in acids and ammonium salts. 

467. Silver nitrate, in strong solutions o£ borates, gives a pre-1 
cipitate of silver borate, AgBOg. This is yellowish, due to » 
brown silver oxide mixed with it. In dilute solutions the precip- 
itate is brown silver oxide. All these precipitates are soluble in 
acids and ammonium salts. 

468. Turmeric paper, moistened with solntion of a borate t! 
isjuat aeid with hydrochloric acid, and dried at 100° C, shows %% 
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petmliar red color that ia very characteristic. Great care mnBt be 
taken not to have too much acid present, as strong hydrochloric 
acid alone may prodnce a similar tint. 

Ohhokatbb, 
Blowpipe Test. 
469. Borax in a bead gives an emerald-green glasa with 
cbromates. 

Solntion Tests. 

4T0* Hydrogen chromate, HjCrO^, is the solntion of cbrom- 

inm trioxide CrO^ in water. It gives a bright yellow fluid which 

turns blue litmus paper red. The color of the solntion is very 

marked, even if very dilnte, 

471. All ehromates are colored red or yellow. It is therefore 
9 to test a colorless solution for ehromates. 



473. Hydrogen sulphide in presence of an acid converts the 
ehromates in a solution into chromium salts, changing the color 
of the fluid from red or yellow to green. As a result of this 
change, sulphur separates and the solution becomes milky. Heat 
assists the action. This change must be remembered in the 
separation of the metals, since chromium may be found in the third 
group which came from ehromates in the substance, and not from 
chromium salts. 

4T3. ehromates may also be changed to chromimn ealts in 
acid solutions by other reducing agents, such as sulphur dioxide, 
alcohol, tartaric, oxalic and other organic acids, or by zinc. 

474. Ammonium sulphide changes ehromates to chrc 
salts and gives a precipitate of chromium hydroxide. 
completes the precipitation. 

475. Barium chloride gives a yellowish-white precipitate of 
barium chromate, BaCrO,. It is soluble in dilute hydrochloric 
and nitric a«ids. 

476. Silver nitrate gives a purplish-red precipitate of silver 
chromate Ag2Cr04. It is soluble in nitric acid and ammonium 
hydroxide. In slightly acid solutions silver dichromateAgjOrjO, 
is formed. 
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4 7 7. Lead acetate gives a yellow precipitate of lead chromate 
PbCr04. It is insoluble in water and in acetic acid. It is soluble 
in sodium or potassium hydroxide, and slightly in dilute nitric 
acid. 

Fluobidbs. 

The blowpipe tests are of little value. 

Solution Tests. 

478. Hydrogen fluoride HF is a colorless liquid which fumes 
in the air like hydochloric acid. It is kept in rubber or lead bottles 
tecaose it has the property of dissolving glass. 

479. Barium chloride gives a precipitate of barium fluoride 
BaFg. It is white and bulky and insoluble in water. It is soluble 
in hydrochloric and nitric acids, and these solutions are not precipi- 
tated by ammonium hydroxide, as the barium fluoride is soluble 
in ammonium salts. 

480d Calcium chloride gives a precipitate of calcium fluoride 
CaFg. It is nearly transparent, and the solution may appear clear 
and yet have much precipitate in it. It is insoluble in water, and 
in alkaline liquids. Ammonium hydroxide promotes its precipi- 
tation. 

4 8 1 • Sulphuric acid added to a dry fluoride causes the evolution 
of hydrogen fluoride gas, which etches glass. This test is best 
made in a lead or platinum vessel covered with glass coated with 
wax, into which some writing is cut to expose a small portion of 
the glass surface. After exposure to the fumes of the gas, on 
removing the wax, the etching of the glass can be readily seen, 
where the wax was removed (see also 357). 

Silicates. 

Blowpipe Tests. 

482* Heated in a bead of sodium metaphosphate, silicates give 
an insoluble skeleton of silica. Sodium metaphosphate is made 
by fusing sodium ammonium phosphate. 

48 3« Fused with a mixture of sodium and potassium carbonates, 
silicates are decomposed, giving sodium and potassium silicates 



soluble in water, while the metals previonely in combination 

remain as insoluble compounds (except aluminium). 

Solution Tests. 
484. Acids decompose Bolutions of silicates, giving hydrogen 
fiilicate which in dilute solution may remain dissolved, or may 
Beparate as a gelatinous precipitate. If the acid mixture is evap- 
orated to dryness and dried at a temperature of 150° C, then 
treated with acid again, the metals will pass into solution, and 
insoluble silica will remain. 

485* Ammonium chloride precipitates hydrogen silicate in 

solutions of silicates if they are not too dilute. 

Acetates. ' 

Blowpipe Test. 
486. Heat decomposes acetates, some yielding a carbonized 
residue, others giving off acetone, while a carbonate remains in 
the residue. Ammoniom acetate is completely volatilized by heat 
Solution Tests. 
48T> Hydrogen acetate HOjHjOj forms transparent crystal- 
line plates which are readily soluble in water, giving a strongly 
acid hqnid. It is also soluble in alcohol. The melted crystals 
give a liquid boiling at 119 C. Its vapor is inflammable. 

488* Ferric chloride gives a precipitate of basic fenic acetate 
on boiling, but only in soIutionB which are neutral or contain very 
little acetic acid. If the ferric chloride is added to an acetate 
containing a little acetic acid, the fluid acquires a deep red color 
which, on boiling, gives basic ferric acetate. The red color 
becomes yellow on adding hydrochloric acid. 

480i Silver nitrate in neutral solutions of acetates gives a 
precipitate of white crystalline silver acetate AgCjHgOg, which ia 
slightly soluble in cold water, but dissolves in hot water, from 
which it crystaUizes on cooling. It is soluble in ammonium 
hydroxide. 

490> Mercurons nitrate gives a white scaly precipitate of mer- 
«QroUB acetate IIg3(CgHjOj,)2. It is slightly soluble in cold water 
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and in acetic acid, and is also slightly Bolnble in an exceae of the 
precipitant. It ie Bolnble in hot water, from which it cryBtallizeB 
on cooling. 

491* Alcohol and sulphuric acid added to an acetate prodnce 
acetic ether, having a very characteristic odor. Care must be 
taken not to have too much alcohol, and the fluid should he only 
just warm at the first; the odor is best noted on cooling and 
shaking the mixture. 

OxALATK8. 

403. All oxalates are decomposed when heated to redness. 
Solution Tests. 

493. Hydrogen oxalate HgC^O^ is a white powder soluble in 
water and alcohol. When heated, die acid partly volatilizes and 
18 partly decomposed. 

494. BariuiD chloride gives a white precipitate of barium 
oxalate BaCgO^. It is slightly soluble in water, but dissolves more 
readily in ammonium chloride, also in acetic and oxalic acids. It 
is readily soluble in nitric and hydrochloric acids, from which 
ammonium hydroxide reprecipitates it. 

496. Calcium chloride gives a white precipitate of calcium 
oxalate CaCjO^. It is insoluble in water, and almost so in acetic 
and oxalic acids. It is soluble in nitric and hydrochloric acids. 
In dilute solutions the precipitate forms only after some time. 

496. Calcium hydroxide gives the same precipitate as that 
obtained with calcium chloride. 

4B7. Calcium sulphate also gives the same precipitate. 

495. Silver nitrate gives a white precipitate of silver oxalate 
AgjOjO^. It ia very slightly soluble in water, dissolves more 
readily in dilute nitric acid, and is readily soluble in hot nitric 
acid and ammonium hydroxide. 

499. Manganese dioxide mixed with an oxalate and moistened 
with water evolves carbon dioxide as a gae, on adding a few drops 
of sulphuric acid to the mixture. The gas may be detected by 
making the experiment in a watch glass, and holding over 
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ture another wateh glass moistened witli calcium hydroxide. A. 
clouding of the upper glass indicates carbon dioxide. Care must be 
taken that the manganese dioxide used does not contain carbonate. 

Taeteates. 
Blowpipe Test, 
500. Heated on charcoal, tartrates carbonize and emit a very 
«haracteriatie odor, resembling burning sugar or burning grapes. 

Solution Testa. 
501* Hydrogen tartrate HjC^H^O, forms colorless crystab of 
a lemon-like taste, which are soluble in water and alcohol. 

502* Potassium acetate and other potassium salts, in presence 
of acetic acid, give a white crystalline precipitate of potassium 
acid tartrate KHCjH^Oj. It is soluble in alkaline hydroxides 
and in acids, but tartaric and acetic acids do not increase its solu- 
bility in water. Stirring and shaking assist the formation of the 
precipitate. If borates are present, potassium fluoride, and not the 
acetate, must be used to make the test, for borates form a soluble 
compound with potassium tartrate in presence of acetic acid. 

503. Calcium chloride, added in excess to neutral solutions of 
tartrates produces a white precipitate of calcium tartrate CaO^H^ 
Of. Stirring and shaking assist the precipitation. It is soluble in 
Alkaline hydroxides. Ammonium salts retard the formation of 
the precipitate, 

504. Calcium hydroxide added in excess to solutions of tar- 
trates gives a precipitate of calcium tartrate, 

505. Lead acetate gives a precipitate of lead tartrate 
PbO^H^Og, which is soluble in nitric acid and in ammonium hy- 
droxide. 

506. Silver nitrate added to a neutral solution of a tartrate 
gives a white precipitate of silver tartrate AgjC^H^Oj. On 
adding ammonium hydroxide to the fluid containing the precipitate 
nutil the latter is almost (but not quite) dissolved, and then boiling 
the mixture, a mirror of metalUc silver will be deposited on the 
tube. 
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Citrates. 

Blowpipe Test. 

50*7. Heated on charcoal^ citrates carbonize and give an odor 
that is of an acrid character and difiers from the odor of tartrates. 

Solution Tests. 

508. Hydrogen citrate HjCgHgO, forms colorless, transparent 
crystals of a purely acid taste, which are soluble in water and 
alcohol. 

509« Calcium chloride gives no precipitate with citric acid; 
but if it is added to a neutral citrate solution in excess, white cal- 
cium citrate Ca3(CgH50,)3 is formed. This is soluble in alkaline 
citrates and in ammonium chloride. From the last solution it ia 
again precipitated on boiling, unless too much chloride is present. 
A solution of a citrate mixed with calcium chloride in excess, and 
then with ammonium hydroxide in excess, gives no precipitate 
until it is boiled, when calcium citrate is formed. 

510« Calcium hydroxide added in excess gives no precipitate 
in the cold, but, on boiling, calcium citrate is formed, which dis- 
solves again on cooUng. 

511. Lead acetate gives a white precipitate of lead citrate 
Pb3(CuH50,)3, which is soluble in anmionium hydroxide. 

512. Silver nitrate gives, in neutral solutions of citrates, a white 
precipitate of silver citrate AggCgHgO,, which, when boiled with 
a little water, is decomposed, depositing silver. Silver citrate 
treated like silver tartrate in 506 gives no mirror. 



OHAPTEK XIT. 



PREPARATION OF SOLUTIONS, 

&13. Thecliaracterof the solntion used to make the anaJyeis will 
ofteo deterraine the presence or absence of certain metals or aoid- 
radieale. For example, lead and sulphuric acid or barimu and sol- 
phmic acid cannot esiet in any water solntion, since both these com- 
binationa are insoluble in water. It is therefore quite neceseary 
to ascertain if the solution is acid, alkaline or nentra^when start- 
ing au analysis. The beginner shonld acquire the habit of testing 
a fluid given to him in order to determine this point at once. 

514. Another important point to be remembered aleo is the 
fact that in acid solutions too much acid may interfere with the 
nee of hydrogen sulphide, and if the solntion is acid with nitric 
acid this will require much more dilution than in the case of hy- 
drochloric acid. Here again we may get an indication of the 
presence of two metals in a solution from its behavior on dilution, 
K the addition of water to an acid solution gives a milky precip- 
itate, the presence of bismuth or antimony may be suspected. 

515> When the snbstance to be analyzed is a solid, it is treated 
with various liquids to ascertain which is the beat solvent for it. 

As water is the best solvent as far as the method of analysis is 
concerned, this is always used first. Having reduced the aohd to 
a fine powder, shake it with some cold water ; if this disBolves the 
whole of it, the solution may be used for the analysis at once. If 
cold water does not give a solution, boil the powdered sohd with 
water ; and if this dissolves it, use the fluid for analysis. But in 
both these cases take care that there is enough material in solution 
to serve the purpose of the scheme of separation of the metals. 
Judge of this from the reduction of volume of the substance. 

516. Should the solid not dissolve in water, or only partially 
dissolve, place the tube containing the experiment on one side, 
and then try to dissolve the substance in hydrochloric acid ; first. 
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in dilate acid (1 in 3) cold and boiling, and then in strong acid 
cold and boiling. Take care not to use any more acid than is 
absolutely necessary. If the strong acid has been used and givefl 
a solution, dilute the fluid with ten times its volume of water, 
and note if a precipitate is produced ; in this case some oth< 
Bolveut must be used. 

517. If hydrochloric acid fails to produce a satisfactory eola- 
tion, proceed with nitric acid, cold and hot, and in a like manner 
as with the former acid. 

518. Should nitric acid refuse to give a solution that will bear 
dilution with at least fifteen volumes of water, make aqua regia (1 
of nitric acid and 2 of hydrochloric acid), and see if this will give 
a solution that will bear dilation, either from the cold or hot fiaid. 
It must be remembered that diluting the aqua regia is not admissi- 
ble until after it has dissolved the substance ; it is not used in a 
dilute state to make the substance dissolve. Furthermore, in heat- 
ing aqua regia it is decomposed on boiling, and then loses its 
value as a solvent ; warm it gently to get the beet results. 

All these teats of solubility must be made on separate portion*! 
of the finely powdered eubatance. 

519. If hydrochloric acid or aqua regia give complete solution 
which will bear dilution, it is evident that metals of the first group 
are absent (except perhaps traces of lead), since these give 
luble chlorides. 

530. Substances which are not dieeolved by any of the acidi 
mentioned, or which are only partially dissolved, are best treated 
as insoluble. To obtain solutions of insoluble substances proceed 
as follows : 

Boil a portion of the finely powdered substance with eeveralJ 
fresh quantities of ammonium acetate, and filter. Put the solQ'^ 
tions thus obtained on one side (see 533). 

Wash the material insoluble in ammonium acetate, and warm iifl 
with solution of potassium cyanide, using several fresh portiona^J 
and filter. Pat these eolutione on one side (see 533). 

52 1 . The material insoluble in potassium cyanide is now washed 
and dried. Fuse the dry substance insoluble in potassium cyanida 
with two parts each of a mixture of dry potassium and sodium e 
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bonatee and one part of potassium nitrate. When the mixtore ie 
melted, allow it to cool, and treat it with water in several portions, 
boiling the last. The insoluble matter contains the metals (except 
alnminimn) with some silicates, and the solution contains the acid 
radical and aluminium. Dissolve the insoluble matter from the 
fusion in hydrochloric acid, and proceed with this solution as in 
the ordinary method of analysis. Proceed to test the water solu- 
tion from the fusion for acids as in 343 and 35B. 

522. The solution in ammonium acetate may contain lead 
chloride or sulphate. To a portion of it add nitric acid in excesB 
and then silver nitrate ; a white precipitate soluble in ammonium 
hydroxide indicates chlorides. To another portion add hydro- 
cidoric acid in excess, filter if necessary, and then add barium 
chloride ; a white precipitate insoluble in hydrochloric acid indi- 
cates sulphates. To a third portion add sulphuric acid in exceee; 
a white precipitate indicates lead. 

628. The solution in potassium cyanide may contain Edlver 
chloride, and a little sulphate from barium sulphate (if present) 
decomposed by potassium carbonate in the potassium cyanide used. 
To one portion of this fluid add ammonium sulphide ; a black 
precipitate indicates silver. Filter out this precipitate and disBolvo 
it in nitric acid, dilute the solution, and add hydrochloric acid to 
prove that it contains silver. If silver is present, precipitate 
another portion of the cyanide solution with ammonium sulphide 
in excess, to remove all the silver, mix the filtrate with sodium 
carbonate and evaporate to dryness. The dry residue will contain 
the acids, and may be tested in the ordinary way. See 343 
and 359> Kemember there are only a few insoluble silver c 
poundB. 



CHAPTER XV. 



SPECIAL METHODS. 

MODIFIOATION OF THE PBOOBSS FOB GbOUP III. WHEN PHOSPHATES 

AND Oxalates abe pbesent. 

524* If a substance is insoluble in water, the presence of phos- 
phates or oxalates may be expected. In this case the process for 
the separation of Groap III. must be modified. To ascertain if 
this is necessary proceed as follows : 

Test for phosphates in the original material by dissolving in ni- 
tric acid and adding a few drops of this solution to molybdic so- 
lution, see 461. 

Mix some of the original material (solid or liquid) with sulphu- 
ric acid and evaporate nearly to dryness ; a black carbonaceous 
residue indicates organic matter. 

If phosphates or organic matter or both have been found, the 
process for Group III. is modified as follows : 

525. After filtering out any nickel or cobalt sulphides which 
are left undissolved by dilute hydrochloric acid in the ordinary 
process, boil the filtrate in a dish to expel hydrogen sulphide. To 
this solution add nitric acid to oxidize the iron if any be present, 
and also to destroy organic matter. Add the acid until the solu- 
tion in the dish shows no change after boiling some minutes, using 
small quantities at a time. 

Put a few drops of this last solution into a test-tube, add a few 
drops of hydrochloric acid and boil nearly to dryness. Dilute 
the fiuid with a little water and add potassium sulphocyanide ; a 
red color indicates the presence of iron (Group III.). 

Having proved the presence or absence of iron (Group IIL), 
proceed with the rest of the solution, as follows : 

526» To the solution add anmionium hydroxide slowly until a 
small precipitate is formed ; now add hydrochloric acid drop by 
drop until the solution clears up on shaking. To this fluid add 
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emmoiunm acetate (amnionjiun hydroxide with acetic acid i 
slight excess) equal to one-fourth of the volume of the fluid ; now 
add ferric chloride elowly until it will not give any more precipi- 
tate after shaking well and allowing the precipitate to settle, test- 
ing the clear solution above. This will precipitate all the phos- 
phate present as ferric phosphate. Any organic matter present 
will have been destroyed by the evaporation with nitric acid 
625 ; hence if no precipitate is obtained with ferric chloride on 
the addition of the first drop, it is useless to add any more, and 
the fluid is treated as follows : 

537. To the filtrate from the ferric phosphate, or the fluid 
that it will not precipitate, add ammonium hydroxide in escess, 
then amiuoniura sulphide in excess and filter. The precipitate 
wiU contain the metals of Group III., except nickel and cobalt ; 
wash it and proceed as in the ordinary method of separation. 
The filtrate from the ammonium sulphide precipitate is added to 
the first filtrate from the precipitation of Group III., and the mix- 
ture now contains the metals of Group IV. to be treated in the 
regular manner, 

Sepabatioh of Ahsenio, Antimont and Tin by Fusion Method, 
5S8. The dried sulphides from the ammonium sulphide Boln- 
lion of Group II. are ground with a mixture of one part of so- 
dium carbonate and three parts of sodium nitrate. This mixture 
is fused at as low a temperature as possible in a porcelain crucible. 
The fused mass when cold is treated with cold water, which diB- 
solves the arsenic as sodium arsenate, while the tin and antimonj 
are in the insoluble matter. This latter is washed with dilute alco- 
hol (one of alcohol and tliree of water) put into a dish with zinc 
and hydroehlftric acid and tested in the ordinary manner. The 
solution of the fusion is made acid with nitric acid and silver ni- 
trate added. If a precipitate is formed, filter it out, and to the 
filtrate add dilute ammonium hydroxide (one of solution with ten 
of water) inclining the tube so that the fluid floats on the filtrate. 
At the junction of the two liquids a reddish-brown precipitate of 
silver arsenate is formed if arsenic is present. 

Sbpaeation of Nickel and Cobalt. 
639. After dissolving tbe two sulphides obtained in Group 
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m. in aqtia regia^ boil off nearly all the acid and dilute with a 
little water. To this slightly acid solution add potassium cyanide 
solution (1 in 5) until the precipitate first formed is just redis- 
solved. If the solution, after adding the cyanide, becomes alka- 
line, add a drop or two of hydrochloric acid — ^it must be acid. 
Now boil the mixture and if a precipitate is formed add more 
cyanide and acid. Boil the solution again, and add to it, while 
boiling, sodium hypochlorite solution until it is alkaline, boiling 
continuously. The precipitate is nickel sesquioxide and the solu- 
tion contains the cobalt. Test each in a borax bead. 

Sefabation of Bahium fbom Stbontium and Caloium. 

530. Instead of following the method given in 252 the 
process given below is very convenient : 

The carbonates of barium, strontium and calcium obtained in 
14 are carefully washed as usual and then dissolved in acetic 
acid, using as small a quantity as possible to obtain complete solu- ' 
tion. To the fluid thus obtained add potassium bichromate, a 
few drops at a time. If no precipitate is obtained, barium is 
absent Should a yellow precipitate form, add more bichromate, 
until it no longer produces a precipitate. Filter out the barium 
chromate (which indicates the presence of barium) and treat the 
filtrate according to 256 to separate strontium from calcium. 
Mix the fluid with its own volume of alcohol before proceeding. 
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Special Tests for 96 

Starch Test for 89 

lion. Commercial Compounds of 58 

Separatloo and Detection of. -M 

Special Tests for 56 

Xead, Conmiercial 0(Mni>oand8 of .- _ 33 

In Group IL, Detecticm of 27 

Separation and Detection of 18 

Special Tests for 21 

Ifagnesium, Commercial Compounds of 81 

Separation and Detecticm of 75 

Special Tests for 80 

Kanganese, Commercial Compounds of.., 60 

Separation and Detection of 46 

Special Tests for 59 

Ifercuric Compounds, Special Tests for 23 

Mercurous Compounds, Separation and Detection of 18 

Special Teste for 88 

Mercury, Commercial Compounds of 24 

Separation and Detection of 27 

Special Tests for 38 

Hetals, Number Considered 18 

Precipitated by Ammonium Carbonate 16 

Sulphide 16 

Hydrogen Sulphide 15 

Hydrochloric Acid 14 

Separation into Groups 18 

Holybdic Solution 11 

Nessler's Reagent 12 

l^ickel, Commercial Compounds of 54 

Detection of 44 

Separation from Cobalt 45, 116 

Special Teste for 58 

Nitrates, Detection of 86 

Special Tests for 98 

with Chlorates, Detection of 86 

Oxalates, Separation and Detection of 91 

Special Teste for 108 

Phosphates, Detection of 91 

Special Teste for 108 

With Arsenates, Detection of 91 

Potassium, Commercial Compounds of 82 

Separation and Detection of 76 

Special Teste for 81 

Reagente 9 

Separation and Detection of Acid-Radicals 85 

^Separation of Metals of Group 1 18 



i» 
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fiefNUTBtloii of Metalsof Group n 2ft 

Metals of Group III 44 

MetalBof Group IV (B 

Metals of Group V - 75 

Silicates, Detection of 88 

Special Tests for 106 

SOyer, Cominercial Compounds of 26 

Separation and Detection of 11> 

Special Tests for 24 

Sodium, Commercial Compounds of ._ - 85 

HyiK>clilorite 11 

Separation and Detection of 7ft 

Special Tests for .. . 82 

Scdution of Substances in Adds — 111 

Solutions, Preparation of 111 

Special Methods 114 

Strontium, Commercial Compoundsof — 78 

Separation and Detectionof 6ft 

Special Tests for 71 

Sulphates, Detection of 20 

Special Tests for 100 

Sulphides, Detection of '. 87 

Special Tests for 20 

Sulphites, Detection of — 87 

Special Teste for 22 

Tartrates, Separation and Detection of — . 21 

Special Teste for 102 

Tin, Commercial Compounds of 43 

Separation and Detection of T — 80 

Special Tests for 42 

Zinc, Commercial Compounds of 62 

Separation and Detection of 47 

Special Teste for 61 
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